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EXECUTIVE SUMMARY 

I n t r o d u c t i o n  

By a Reference  f rom  the  Governments   of   the   United  States   and  Canada,  
da ted   February  21 ,  1 9 7 7 ,   t h e   I n t e r n a t i o n a l   J o i n t  Commission ( I JC)  was 
"requested  to   examine  into  and  report   upon  the  fol lowing matters which 
h a v e ,   o r  may have, material e f f e c t s  on water leve ls   and   f lows   of   the  
Bas in ,   i nc lud ing   t he   i n t e rna t iona l   and   Canad ian   r eaches  of t h e  
St.   Lawrence  River:  

1. E x i s t i n g   a n d   r e a s o n a b l y   f o r e s e e a b l e   p a t t e r n s  of  consumptive  uses 
of Great Lakes waters; 

2.  Ex i s t ing   d ive r s ions ,   i nc lud ing   t he   Wel l and   Cana l   and   t he  
New York S ta t e   Ba rge   Cana l ,   and   f ede ra l ,  s t a t e  o r   p r o v i n c i a l l y  
sponsored  or  approved  proposed new or   changed   d ivers ions ,  
w i t h i n ,   i n t o   o r   o u t   o f   t h e   B a s i n ,   a n d ,   i n   p a r t i c u l a r ,  

3 .  E x i s t i n g   d i v e r s i o n s  a t  Chicago  and a t  Long LacIOgoki,  and  the 
proposed  s tudy  and  demonstrat ion  program  authorized by United 
S t a t e s  P.L. 94-587 a f f e c t i n g   t h e  r a t e  o f   d i v e r s i o n  a t  Chicago.". 

I n   r e s p o n s e ,   t h e  Commission e s t a b l i s h e d   t h e   I n t e r n a t i o n a l  Great Lakes 
Diversions  and  Consumptive  Uses  Study  Board on May 3 ,  1977,   issued a 
D i r e c t i v e   t o  i t  concern ing   the   conduct   o f   the   s tudy ,   and   subsequent ly  
i n s t r u c t e d  i t  t o   c o n s i d e r   t h e   p o s s i b i l i t i e s   o f   d i v e r s i o n  management t o  
a l l e v i a t e   e x t r e m e   l a k e   l e v e l s .  The Board, i n   t u r n ,   e s t a b l i s h e d  a Working 
Committee  and  three  Subcommittees:  Diversions,  Consumptive Uses, and 
Envi ronmenta l   Evalua t ion .   In  view of t h e   f a c t   t h a t   s e v e r a l   b a s i c  
e lements   o f   the   s tudy   (no tab ly   eva lua t ion   of   the   economic   e f fec ts   o f  
var ious   p ro jec ted   hydraul ic   reg imes  on t h e  Great Lakes) were t h e  same as  
t h o s e   i n v o l v e d   i n   a n   i n v e s t i g a t i o n   w h i c h  was concurren t ly   conducted  by 
t h e   I n t e r n a t i o n a l  Lake Erie Kegulat ion  Study  Board,   the   technical  
subcommit tees   o f   th i s  l a t t e r  Board c a r r i e d   o u t  many of the   computa t ions  
on behalf   of   the   Diversions  and  Consumptive Uses Board.   This   cooperat ion 
maximized   the   use   o f   ava i lab le   p rofess iona l   resources ,   avoided  
d u p l i c a t i o n   o f   e f f o r t   a n d   e n s u r e d   c o m p a r a b i l i t y   o f   d a t a   a n d   r e s u l t s .  Tn 
this   report   of   the   Diversions  and  Consumptive Uses S tudy ,   t he re fo re ,  
eva lua t ion   methodologies  are o n l y   b r i e f l y   d i s c u s s e d ;  more d e t a i l e d  
informat ion  i s  g i v e n   i n   t h e  Lake Erie Board ' s   repor t .  

Dur ing   the   course  of t h e   s t u d y ,   t h e  Board  published a series of 
news le t t e r s   des igned   t o   keep   t he   pub l i c   i n fo rmed   o f  i t s  p rogres s .   In  
1980,  the  Board  conducted  public  workshops a t  s e l e c t e d  c i t i e s  i n   t h e  
Great Lakes   bas in .   These   workshops   p rovided   fur ther   oppor tuni t ies   to  
in form  the   publ ic   and ,   th rough  open   d i scuss ion ,   to   answer   ques t ions   and  
e l i c i t   v i ews   conce rn ing   s tudy   t echn iques   and   emerg ing   r e su l t s .   These  
views  have  been  incorporated i n   t h e   B o a r d ' s  work. 
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D e f i n i t i o n s  

A s  i n d i c a t e d  by the   Reference ,   the   S tudy   has  two d i s t i n c t  
components:   diversions  and  consumptive  uses.   Both are fac to r s   wh ich  
a f f e c t  Great Lakes  levels   and  f lows.  The Commission's  1976  report   to  the 
governments on "Fur ther   Regula t ion   of   the  Great Lakes"   d i scusses  a l l  
n a t u r a l   a n d   a r t i f i c i a l   f a c t o r s   a f f e c t i n g   t h e   h y d r o l o g y   a n d   h y d r a u l i c s  of 
t he   sys t em,   bu t   i nc ludes  a recommendation to   t he   gove rnmen t s   t ha t   t hese  
two f a c t o r s   r e q u i r e  a more tho rough   examina t ion .   In   t h i s   s tudy ,  a 
d i v e r s i o n  i s  de f ined  a s  a t r a n s f e r  of water e i t h e r   i n t o   t h e  Great Lakes 
wa te r shed   f rom  an   ad jacen t   wa te r shed ,   o r   v i ce  versa, o r   f rom  the  
watershed  of   one  of   the Great L a k e s   i n t o   t h a t  of ano the r .  A l l  e x i s t i n g  
d i v e r s i o n s  are by means  of c h a n n e l s   c o n t r o l l e d  by  man-made s t r u c t u r e s .  
Consumptive  use i s  de f ined  as t h a t   p o r t i o n  of water withdrawn  or   withheld 
from  the Great Lakes  and  assumed t o  be l o s t   o r   o t h e r w i s e   n o t   r e t u r n e d   t o  
them d u e   t o   e v a p o r a t i o n   d u r i n g   u s e ,   l e a k a g e ,   i n c o r p o r a t i o n   i n t o  
manufac tured   products ,   e tc .  

Study  Findings 

The 

a. 

b. 

C .  

d. 

e. 

f .  

h. 

i. 

s t u d y   f i n d i n g s   a r e  as fo l lows:  

The ex i s t ing   d ive r s ions   have   p roduced   changes   i n  Great Lakes 
l eve l s   and   ou t f lows ;  

Divers ion  rates could   be   modi f ied   wi thout   s t ruc tura l   change  a t  
e x i s t i n g   d i v e r s i o n   l o c a t i o n s ;  

By management of t h e   d i v e r s i o n s  i t  i s  p o s s i b l e   t o  impact on   t he  
Great Lakes   ou t f lows   and   ex t reme  h igh   lake   l eve ls ,   bu t   such  
management  would r e s u l t   i n  a net  economic loss and some 
unquan t i f i ab le   env i ronmen ta l   impac t s ;  

Any a l t e r a t i o n s   i n   d i v e r s i o n  rates t o  ra ise  t h e  extreme low l a k e  
l eve l s   and   ou t f lows   wou ld   be   i n feas ib l e ;  

The e x i s t i n g   d i v e r s i o n  of water through  the New York S t a t e   B a r g e  
Canal   has  no material impact  on Great Lakes   l eve l s ,   no r  would 
any   mod i f i ca t ions   t he reo f ;  

Diversion  of water i n t o  Lake  Superior  from Long Lac/Ogoki  has 
averaged 5,600 c f s   s i n c e  i t s  i n c e p t i o n ;  

The  Welland Canal Dive r s ion   has   va r i ed   ove r  time and  averaged 
approximately 9,200 c f s   i n  1980; 

The L a k e  Michigan  Diversion a t  Chicago  has   var ied  over   t ime  and 
s ince   1970  has   averaged  3,200 c f s ;  

There are no known s i g n i f i c a n t  new or   changed   d ivers ions  
p roposed   fo r   t he  Great Lakes; 
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j .  Consumptive  uses  of water are p r o j e c t e d   t o   i n c r e a s e   f r o m   t h e  
1975 rate o f   4 , 9 0 0   c f s   t o   a n  amount  which  could  range  from 
approx ima te ly   16 ,000   c f s   t o   37 ,000  c fs  by the  year   2035;  

1. Consumptive  uses i n   t h e   f u t u r e  w i l l  l i m i t  t h e   a b i l i t y   o f   t h e  
c u r r e n t   o p e r a t i o n a l   r e g u l a t i o n   p l a n   f o r  L a k e   O n t a r i o   t o   s a t i s f y  
t h e  c r i t e r i a  c o n t a i n e d   i n   t h e  Commission's Orders  of  Approval.". 

Board ' s Conclusions 

The Board 's   conclusions are t h a t :  

"a.  The d i v e r s i o n  rates i n t o ,   w i t h i n   a n d   o u t  of t h e   b a s i n   c a n n o t   b e  
a l t e r e d   t o   r e d u c e   e x t r e m e   h i g h  levels  on   the  Great Lakes  without 
caus ing   an   overa l l   long- te rm  ne t   economic  l o s s ;  

b.  The d i v e r s i o n  rates in to ,   w i th in   and   ou t   o f   t he   bas in   canno t  
f e a s i b l y   b e   a l t e r e d   t o   i n c r e a s e   e x t r e m e  low l e v e l s   o n   t h e  Great 
Lakes   dur ing   per iods   o f  low s u p p l i e s ;  

c .   P e r i o d i c a l l y ,  a l l  d ive r s ions   r ega rd le s s   o f   s i ze   shou ld   be  
moni tored   and   the i r   accumula ted   e f fec ts   es t imated ,   eva lua ted   and  
reported  upon s o  t h a t   a p p r o p r i a t e   p u b l i c   p o l i c i e s   c a n   b e  
developed;   and,  

d .   Consumpt ive   uses   should   be   per iodica l ly   moni tored   and   the i r  
i m p a c t s ,   a l o n g   w i t h   v a r i o u s   c o n t r o l   s t r a t e g i e s ,   s t u d i e d  s o  t h a t  
a p p r o p r i a t e   p u b l i c   p o l i c i e s   c a n   b e   d e v e l o p e d   t o   m i n i m i z e  
long- te rm  adverse   e f fec ts . " .  

Board's  Recommendations 

The Board  recommends t h a t :  

"a. No f u r t h e r   c o n s i d e r a t i o n  be given  to   the  concept   of   managing 
Great Lakes   l eve ls   and   ou t f lows   th rough  the   manipula t ion   of   the  
e x i s t i n g   d i v e r s i o n s ;   a n d ,  

b. The I n t e r n a t i o n a l   J o i n t  Commission, i n   l i g h t  of conc lus ions   ( c )  
and  (d)   above,  recommend t o  Governments t h a t  a mechanism  be 
e s t a b l i s h e d   f o r   i n s t i t u t i o n a l   c o n s u l t a t i o n  s o  tha t   mon i to r ing  
can   be   under taken   and   appropr ia te   publ ic   po l ic ies   can   be  
f o r m u l a t e d   t o   a d d r e s s   t h e   p o t e n t i a l   f u t u r e   i m p a c t s  of new o r  
increased   d ivers ions   and   consumpt ive   uses ." .  

The Great Lakes  System 

The s tudy  area encompasses  the Great Lakes-St.  Lawrence River system 
from  the  wester ly   end of Lake   Super ior   to   Tro is -Riv iZres   on   the  
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S t -  Lawrence  River,   about 80 miles downstream  of  Montreal.  This  system 
i s  bordered by e i g h t  s ta tes  - Minnesota ,   Wisconsin,   I l l inois ,   ' Indiana,  
Michigan,  Ohio,   Pennsylvania  and New York - and by the   p rov inces  of 
Ontario  and  Quebec. The t o t a l  water s u r f a c e  area of   the Great Lakes  and 
t h e i r   c o n n e c t i n g   c h a n n e l s  i s  abou t  95,000 squa re  miles. A map of t h e  
area i s  shown i n   F i g u r e  1 and a h y d r a u l i c   p r o f i l e  i s  shown i n   F i g u r e  2. 

Lake  Superior ,   the   uppermost   and  largest   of   the  Great Lakes, 
d i scha rges   t h rough   t he   S t .  Marys River  into  Lake  Huron. The outf low,  
t h r o u g h   n a v i g a t i o n ,   h y d r o - p o w e r   a n d   o t h e r   f a c i l i t i e s   i n   t h e   S t .  Marys 
Rapids area,  i s  c o n t r o l l e d  by t h e   I n t e r n a t i o n a l  Lake  Superior  Board  of 
Con t ro l ,   unde r   t he   supe rv i s ion  of t h e  T J C ,  i n   acco rdance   w i th   Regu la t ion  
Plan  1977.  Lakes  Michigan  and  Huron are connected by the  broad  and  deep 
S t r a i t s  of Mackinac.  For t h i s   r e a s o n ,   t h e y   s t a n d  a t  v i r t u a l l y   t h e  same 
l e v e l   a n d  are u s u a l l y   t r e a t e d  as one   l ake   i n   hydrau l i c   and   hydro log ic  
considerat ions.   Lake  Huron  discharges  through  the  St .  Clair River,  Lake 
S t .  Clair and   t he   De t ro i t  River i n t o  Lake Erie. This   f low i s  unregu la t ed  
and i s  governed by t h e  levels of both  Lake  Huron  and  Lake Erie. 

The n a t u r a l   o u t l e t  of Lake Erie i s  t h e   N i a g a r a   R i v e r ,   t h e   t o t a l   f l o w  
through  which i s  a l s o   u n r e g u l a t e d .  However, t h e r e  i s  a c o n t r o l   s t r u c t u r e  
in   t he   r i ve r   immedia t e ly   ups t r eam  o f   N iaga ra   Fa l l s   wh ich  assists i n   t h e  
apportionment  of  the  f low  between  the water a v a i l a b l e   f o r  power 
g e n e r a t i n g   s t a t i o n s   a n d  water which i s  r e q u i r e d   t o  pass over   the  f a l l s  i n  
accordance   wi th   the   Niagara   River  T r e a t y  of 1950.   This   s t ruc ture   cannot  
c o n t r o l   t h e   o u t f l o w   f r o m  Lake Erie and   t he re fo re   canno t   be   u sed   t o  
r e g u l a t e  Lake Er ie  l e v e l s .  The ou t f low  f rom  Lake   E r i e   pas ses   i n to  Lake 
O n t a r i o ,   t h e   l o w e s t   i n   t h e   c h a i n   o f  Great Lakes. Due t o   t h e   e x i s t e n c e   o f  
t h e   f a l l s ,   t h e   l e v e l s  of  Lake On ta r io   have   no   e f f ec t   on   t he   l eve l s  of 
Lake Erie. 

The o u t l e t  of  Lake O n t a r i o  i s  t h e   S t .  Lawrence  River, i n  which are 
l o c a t e d   t h e   n a v i g a t i o n   l o c k s ,   h y d r o - e l e c t r i c  power g e n e r a t i n g   s t a t i o n s  
and  associated  works  of   the   St .   Lawrence Seaway and Power Pro jec t .   These  
f a c i l i t i e s  are u s e d   f o r   t h e   r e g u l a t i o n   o f   t h e   r i v e r l f l o w   a n d   t h e   l e v e l  of 
Lake On ta r io ,  i n  accordance   wi th   Regula t ion   P lan  1958D, by t h e  
I n t e r n a t i o n a l   S t .  Lawrence  River  Board  of  Control  under the s u p e r v i s i o n  
of   the  T J C .  Downstream  of  Cornwall   Island,  the  r iver i s  e n t i r e l y   w i t h i n  
Canada.  The f low  pas ses   t h rough   fu r the r  power a n d   n a v i g a t i o n   f a c i l i t i e s  
i n t o  Lake St .   Louis ,   th rough  Montrea l   Harbour ,   and   u l t imate ly   ou t   in to  
t h e  Gulf  of St.  Lawrence. 

D ive r s ions  

The d i v e r s i o n s  component  of t he   s tudy   p r imar i ly   focused   on   fou r  
e x i s t i n g   m a j o r   d i v e r s i o n s :  

1. The  Ogoki D ive r s ion   t akes  water from  the Ogoki River,  which 
n a t u r a l l y   d r a i n s   t h r o u g h   t h e   A l b a n y   R i v e r   i n t o  James Bay ( a t   t h e  
southern  end  of  Hudson Bay) ,   and   d ive r t s  i t  v i a  Lake  Nipigon  and 
the  Nipigon  River   into  Lake  Superior   about  60 miles east  of 
Thunder Bay, Ontario. The d i v e r s i o n  i s  f o r   h y d r o - e l e c t r i c  power 
genera t ion   on   the   Nip igon   River   and   the   in te rconnec t ing  
waterways  of  the Great Lakes. 
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2. 

3 .  

4 .  

The 

The  Long Lac Diversion  connects   the  headwaters   of   the  Kenogami 
R ive r ,   wh ich   a l so   o r ig ina l ly   u ra ined   t h rough  Lhe Albany River 
i n t o  James Bay,  and d i v e r t s   t h e  water v i a  Long Lake  and  the 
k u a s a b o n   R i v e r   i n t o  Lake Superior   near   Terrace  Bay,   Ontar io .  
The d i v e r s i o n   p r o v i d e s  water f o r   d r i v i n g  pulpwood a n d   f o r  
gene ra t ing   hydro -e l ec t r i c  power on  the  Aguasabon  Kiver  and  the 
interconnect ing  waterways  of   the Great Lakes. 

The Lake  Michigan  Diversion a t  Chicago  takes  water out  of t h e  
Great Lakes sys t em,  fo r   pu rposes   o f   domes t i c   and   i ndus t r i a l  
water supply  and  navigat ion  through  the ChicaGo S a n i t a r y  and 
Sh ip   Cana l ,   and   d ive r t s  i t  v i a   t h e   I l l i n o i s  Waterway t o   t h e  
M i s s i s s i p p i  River   and  chence  to   the Gulf of Mexico. 

The Welland  Canal   Diversion  takes  water from  Lake Erie a t  Por t  
Colborne ,   Ontar io ,   and   d iver t s  i t  ac ross   t he   N iaga ra   Pen insu la  
t o  Lake Ontar io  a t  Por t  Weller, Ontar io ,   thus   bypass ing  Lake 
E r i e ' s   n a t u r a l   o u t l e t   t h r o u g h   t h e   N i a g a r a   R i v e r .   T h i s  water is  
p r imar i ly   u sed   t o   ope ra t e   t he   deep -d ra f t   nav iga t ion   cana l   and  
g e n e r a t e  power a t  DeCew Fal l s .  

Board a l s o  examined a f i f t h   d i v e r s i o n ,   t h e  New York S ta t e   Ba rge  
Canal ,   compris ing  the  interconnected  Champlain,  Erie, Oswego, and 
Cayuga-Seneca  Canals.  This system t a k e s  water fo r   nav iga t ion   pu rposes  
from  the  Niagara  River a t  Tonawanda, New York,  and r e t u r n s  a l l  of i t  t o  
Lake Ontar io  a t  s e v e r a l   t r i b u t a r i e s   a n d   t h e  Oswego Canal.  Because t h i s  
r e l a t i v e l y  small unregula ted   f low i s  withdrawn  from  the  Niagara  River a t  
a point  downstream  of i t s  n a t u r a l   h y d r a u l i c   c o n t r o l ,  i t  h a s   v i r t u a l l y   n o  
e f f e c t   o n   t h e   l e v e l s  of  Lake Erie and   the   o ther  Great Lakes.  There i s ,  
however,  an  impact  on  power; i.e., a reduct ion   of  water a v a i l a b l e   f o r  
power gene ra t ion   on   t he   N iaga ra   R ive r .   No twi ths t and ing   t h i s ,   no   de t a i l ed  
e v a l u a t i o n  of t h i s   d i v e r s i o n  was undertaken. 

The Board  found no federal ,  s t a t e  o r   p r o v i n c i a l l y   s p o n s o r e d  o r  
approved  proposed new o r   c h a n g e d   d i v e r s i o n s   i n t o ,   w i t h i n   o r   o u t   o f   t h e  
b a s i n  of suf f ic ien t   magni tude   to   have   any  material e f f e c t s   o n  water 
l eve l s   and   f l ows  of t he   bas in .  However, a number of   very small such 
d i v e r s i o n s  came to   t he   Boa rd ' s   a t t en t ion   du r ing   t he   s tudy   and  are b r i e f l y  
d i s c u s s e d   i n   t h e   r e p o r t .  

A d i v e r s i o n   o f  water ou t  of t h e  Great Lakes   bas in   i n to   an   ad jacen t  
b a s i n   r e d u c e s   t h e   n e t  water supp l i e s   and   hence   l ake   l eve l s   and   ou t f lows ;  
a d i v e r s i o n   i n t o   t h e  Great Lakes  basin raises them.  Thus, t h e  Long 
L a c / O g o k i   D i v e r s i o n s   c o n s t i t u t e   a n   i n c r e a s e   i n   t h e  water s u p p l y   t o  Lake 
S u p e r i o r   a n d   t h e r e f o r e   t o  a l l  downstream  lakes. The Lake  Michigan 
Divers ion  a t  Chicago  reduces  the  supply  to  Lakes  Michigan-Huron  and  thus 
to   the  remaining  downstream  lakes .  The Wel land   Canal   increases   the  
o u t l e t   c a p a c i t y   o f  Lake Erie. These   i nc reases   and   dec reases   i n   t he  
n a t u r a l  water supply  produce  corresponding  increases   and decreases i n  
Great Lakes water l e v e l s   a n d   o u t f l o w s .  The r e g u l a t i o n   p l a n s   i n   e f f e c t   o n  
Lake Superior  and  Lake  Ontario were des igned   t o  accommodate t h e s e  
d i v e r s i o n s  so  as n o t   t o   v i o l a t e   p e r t i n e n t   l a k e   l e v e l  cr i ter ia .  
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Basis-of-Comparison 

I n   o r d e r   t o   e v a l u a t e   t h e   h y d r o l o g i c ,   e c o n o m i c   a n d   e n v i r o n m e n t a l  
e f f e c t s  of a change i n   t h e   r e g i m e   o f  Great Lakes levels  and  flows - 
whether   due   to   consumpt ive   uses ,   d ivers ions   management ,   regula t ion   or   any  
o the r   fo rm  o f   i n t e rven t ion  by  man - i t  i s  f i r s t   n e c e s s a r y   t o   e s t a b l i s h  a 
base - l ine   cond i t ion   aga ins t   wh ich   t o   measu re   such   changes   and   t he i r  
e f f e c t s .   T h i s   b a s e - l i n e   c o n d i t i o n  i s  the  basis-of-comparison. The 
a c t u a l   l e v e l s   a n d   o u t f l o w s   d u r i n g   t h e   s e l e c t e d   p e r i o d  of r eco rd   (1900   t o  
1976)   cannot   be   used   for   th i s   purpose   because   o f   phys ica l   and   manager ia l  
changes   tha t   have   occur red   in   the   bas in  a t  d i f f e r e n t  times ove r   t hese  
years .   Accordingly,   the   basis-of-comparison  consis ts   of   the   computed 
regime  of   levels   and  f lows  which  would  have  prevai led,   wi th   the  his tor ic  
record   o f  water s u p p l i e s   t o   t h e   s y s t e m ,   i f   p r e s e n t   o u t l e t   c h a n n e l  
conf igu ra t ions ,   a s sumed   ave rage   d ive r s ion  rates and   p re sen t   r egu la t ion  
p l ans  f o r  Lakes   Super ior   and   Ontar io   had   ex is ted   cons tan t ly   th roughout  
t he   s e l ec t ed   pe r iod   o f   r eco rd .  The a v e r a g e   a n n u a l   d i v e r s i o n  rates were 
t aken  as 5,000 c f s  a t  Long Lac/Ogoki, 3,200 c f s  from  Lake  Michigan a t  
Chicago,  and 7,000 cfs   through  the  Welland Canal. 

Dur ing   the   course   o f   the   s tudy ,   a f te r   the   bas i s -of -compar ison   had  
b e e n   e s t a b l i s h e d ,  i t  was found  that   the   long-term  annual   average  of   the 
combined  Long Lac and  Ogoki  Diversions was ac tua l ly   5 ,600  cfs .  Also,  i n  
r e c e n t  years the  Welland Canal had i n c r e a s e d   t o   a n   a n n u a l   a v e r a g e   f l o w  
exceeding  9,000 c f s ,   w h i l e   d a i l y  mean f lows   du r ing   t he   nav iga t ion   s eason  
cons is ten t ly   approached   cana l   capac i ty   o f   10 ,000   c fs .   Accord ingly ,   the  
long- te rm  annual   average  Long Lac/Ogoki  Diversions ra te  of 5,600 c f s  and 
an   e s t ima ted   fu tu re   Wel l and  Canal ave rage   annua l   d ive r s ion  ra te  of 
9,400 c f s  were a l s o   e v a l u a t e d .  

Hydrologic  Evaluation  Methodology  and  kesults 

To d e t e r m i n e   t h e   p r e s e n t   e f f e c t s   o f   a n   e x i s t i n g   d i v e r s i o n ,   t h e  
procedure was t o   c a l c u l a t e  a s e c o n d   s e t  of l a k e   l e v e l s   a n d   o u t f l o w s ,  
u s i n g   t h e  same h i s t o r i c  water supp ly   r eco rd ,   bu t   w i th   t he   ave rage  
d i v e r s i o n  flow removed  from the Board's  computer model  of the  Great   Lakes 
sys tem.  Differences  between  this   regime  and  the  basis-of-comparison  thus 
r e p r e s e n t   t h e   e f f e c t s   o f   t h e   d i v e r s i o n  upon the  system. The procedure 
was u s e d   s i m i l a r l y   t o   c a l c u l a t e   t h e   e f f e c t s   o n  Great Lakes   l eve ls   and  
o u t f l o w s   i f  a d i v e r s i o n   f l o w  a t  times were t o  be  varied  from i t s  c u r r e n t  
ave rage  rate a n d ,   l i k e w i s e ,   t o   c a l c u l a t e   t h e   e f f e c t s  of p o s s i b l e  
management s c e n a r i o s   i n v o l v i n g   v a r i a t i o n  of  two o r  more d i v e r s i o n s  
s imul t aneous ly .  The purpose of e x a m i n i n g   a l t e r n a t i v e   d i v e r s i o n  
management s c e n a r i o s  was to   de te rmine   whether ,  by changing   d ivers ion   f low 
rates, some ame l io ra t ion   o f   ex t r eme   l ake   l eve l s   cou ld  be achieved .  A s  
po ten t i a l   measu res   t o   r educe   ex t r eme   h igh  water l e v e l s ,   c o n s i d e r a t i o n  was 
g i v e n   t o   r e d u c i n g   t h e  Long Lac/Ogoki   Divers ions   to   e i ther  2,500 c f s   o r  
zero ;   increas ing   the   Lake   Michigan   Divers ion  a t  Chicago t o   e i t h e r  
6,600 c f s  o r  t o  i t s  maximum p o s s i b l e   a n n u a l   a v e r a g e  of 8,700 c f s ;   a n d  
increas ing   the   Wel land  Canal D i v e r s i o n   t o   9 , 0 0 0   c f s ,   w h i c h   i n i t i a l l y  
appea red   t o   be   t he  maximum p o s s i b l e .  A s  a means  of ra i s ing   ex t reme  low 
levels on  Lake Erie ,  and t o  a lesser ex ten t   ups t r eam  l akes ,   cons ide ra t ion  
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was g i v e n   t o  a scena r io   i n   wh ich   t he   Wel l and   D ive r s ion  would  be  decreased 
t o  2,600 c f s  by c l o s i n g  down power g e n e r a t i o n  a t  t h e  DeCew Fa l l s  p l a n t s .  
A d e c r e a s e   t o   z e r o  i s  n o t  a v i a b l e   o p t i o n   s i n c e   t h i s  would seve r   t he  
Great Lakes   sh ipping   rou tes .  The r a i s i n g  of   extreme  low  lake  levels  by 
means of  reducing  the  Lake  Michigan  Diversion a t  Chicago  and/or 
i n c r e a s i n g   t h e  Long Lac/Ogoki   Diversions  were  found  to   be  impract ical  
o p t i o n s  - the   former  due  to  i t s  v i t a l   i m p o r t a n c e   i n   s u p p l y i n g   d o m e s t i c  
a n d   i n d u s t r i a l  water to   t he   Ch icago  area and   the  l a t t e r  because,  when 
Lake Supe r io r  water s u p p l i e s  are abnormally  low, similar hydro logic  
c o n d i t i o n s   u s u a l l y   p r e v a i l   i n   t h e   A l b a n y   R i v e r  system a n d   a d d i t i o n a l  
water i s  t h e r e f o r e   u n a v a i l a b l e   f o r   d i v e r s i o n   t o  Lake  Superior.  I t  was 
no t   t he   manda te   o f   t he   Boa rd   t o   cons ide r   d ive r s ion  management 
a l t e r n a t i v e s   t h a t  would r e q u i r e  new s t r u c t u r e s   o r   o t h e r   p h y s i c a l  
m o d i f i c a t i o n s   t o   c h a n g e   t h e   h y d r a u l i c   c a p a c i t i e s  of t h e   d i v e r s i o n s .  

F o r t y - t h r e e   p o s s i b l e  management s c e n a r i o s   w e r e   i n v e s t i g a t e d ,  
compr i s ing   va r ious   combina t ions   o f   a l t e rna t ive   d ive r s ion   f l ow  changes .  
The concept   adopted was t h a t  a r e d u c t i o n   i n   n e t   d i v e r s i o n s   i n f l o w  would 
be   " t r igge red"  when t h e   n a t u r a l  water supply  rises above i t s  long-term 
mean va lue .  Use of mean water s u p p l i e s  a s  a t r i g g e r  mechanism, r a t h e r  
t han  mean water l e v e l s ,  was found  to   be  more e f f ec t ive   because   supp ly  
changes  precede  and  cause  level   changes  and  thus are a n  earlier i n d i c a t o r  
of   deve loping   hydro logic   condi t ions .  

Determina t ion   of   the   hydro logic   impacts   on   the  Great Lakes  system  of 
t h e   e x i s t i n g   d i v e r s i o n s   a n d   o f   a l t e r n a t i v e   d i v e r s i o n  management s c e n a r i o s  
involved   compar isons   o f   the i r   reg imes   o f   l eve ls   and   f lows   wi th   tha t   o f  
the  basis-of-comparison.  These  comparisons were made i n  terms of 
maximum, minimum and mean values ,   f requency  of   occurrence  of   extreme 
highs  and  lows a t  v a r i o u s  times d u r i n g   t h e  year (e .g . ,   the   naviga t ion  
s e a s o n ,   i c e   b r e a k u p   i n   t h e   s p r i n g ,   e t c . )   a n d   o t h e r   s p e c i f i c   c r i t e r i a  
g o v e r n i n g   t h e   r e g u l a t i o n   p l a n s   f o r   L a k e s   O n t a r i o   a n d   S u p e r i o r .  The 
computed l e v e l   a n d   f l o w   d a t a  were i n   t u r n   u s e d  as  a n   i n p u t   t o   t h e  
economic  and  environmental   evaluat ions.  

The c u r r e n t  rates of ex i s t ing   d ive r s ions   have   p roduced   ne t   i nc reases  
i n  Great Lakes  levels   and  outf lows  which are small i n   r e l a t i o n   t o   t h e i r  
n a t u r a l   r a n g e s .   T h e i r   n e t   e f f e c t   h a s   b e e n   t o  raise t h e  mean l e v e l s  of 
Lake  Superior by 0.07 f t .  and  Lake  Ontario by 0.08 f t . ,  and to   l ower   t he  
mean l e v e l s  of  Lake Erie by 0 . 3 3  f t. and  Lakes  Michigan-Huron by 
0.02 f t .  By comparison, mean a n n u a l   f l u c t u a t i o n s   i n   l a k e   l e v e l s   v a r y  
between 1.1 f t .  on  Lake  Superior  and 1.9 f t .   o n  Lake  Ontario.  

W i t h   r e s p e c t   t o   p o s s i b l e   a l t e r a t i o n s   i n   d i v e r s i o n  rates t o   r e d u c e  
ex t reme  h igh   lake   l eve ls ,   the   "maximum-effec t   d ivers ion   scenar io"  (Long 
Lac/Ogoki  Diversions  reduced  to  zero,   Lake  Michigan  Diversion a t  Chicago 
i n c r e a s e d   t o  i t s  maximum p o s s i b l e  ra te  of 8,700 c f s ,   and   t he   Wel l and  
Cana l   i nc reased   t o  9,000 c f s )  would  lower maximum water l e v e l s  by 0.10 
f t .  on  Lake  Superior,  0.57 f t. on  Lakes  Michigan-Huron, 0.45 f t .  on  Lake 
Erie, and 1.40 f t .  on  Lake  Ontario. Any of   the  less d r a s t i c   s c e n a r i o s  
would r e s u l t  i n  smaller r educ t ions  i n  extreme l a k e  levels. 
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Economic Evaluat ion  Methodology  and  Resul ts  

Economic e v a l u a t i o n s  were c a r r i e d   o u t  of t h e   h y d r a u l i c   e f f e c t s   o n  
n a v i g a t i o n ,  power gene ra t ion ,   beaches   and   boa t ing ,   and   coas t a l   zone  
i n t e r e s t s .  The la t ter  inc ludes   e ros ion   and   i nunda t ion   impac t s   on   sho re  
p rope r ty .  The p r i n c i p l e s   u n d e r l y i n g   t h e   e v a l u a t i o n   t e c h n i q u e s   u s e d  are 
b r i e f l y  as fo l lows :  

Commerc ia l   nav iga t ion   gene ra l ly   bene f i t s  by h ighe r  water l e v e l s   i n  
t he   l akes   and   connec t ing   channe l s .  A d e c r e a s e   i n  mean water l e v e l s  
compe l s   ves se l s   t o   ca r ry  less ca rgo  pe r  t r i p ,   t h e r e b y   i n c r e a s i n g   t h e  
t o t a l  number of t r i p s  r e q u i r e d   t o   t r a n s p o r t  a given  tonnage  per   year ,   and 
h e n c e   t h e   c o s t  of  doing so.  Since   these   economic   losses   could   be  
e l imina ted   i f   ha rbour s   and   connec t ing   channe l s  were dredged   deeper   to  
o f f s e t  a lowering  of mean l a k e   l e v e l s ,   t h e   c o s t  of such  dredging was a l s o  
eva lua ted .  

The e v a l u a t i o n   o f   t h e   e f f e c t s   o f  a changed  hydrologic  regime  on power 
g e n e r a t i o n  was based  on two f a c t o r s .  F i r s t ,  i f   t h e   p e a k  power 
load -mee t ing   capab i l i t y  of Great Lakes   hydro-e lec t r ic   genera t ing  
f a c i l i t i e s   d u r i n g   t h e  c r i t i c a l  load  demand per iod   under  a management 
s c e n a r i o  i s  less than   under   the   bas i s -of -compar ison ,   addi t iona l   capac i ty  
would  have t o   b e   i n s t a l l e d ,  i.e., there   would  be  an  economic  loss .  
S e c o n d ,   t h e   r e d u c t i o n   i n   a v e r a g e   a n n u a l   e n e r g y   t o   e a c h  power system was 
e v a l u a t e d   i n  terms of t h e   c o s t  of ob ta in ing   equiva len t   energy   f rom  an  
a l t e r n a t i v e   s o u r c e .  

Beaches were e v a l u a t e d   o n   t h e   p r e m i s e   t h a t   c h a n g e s   i n   l a k e   l e v e l s  
g e n e r a t e   c h a n g e s   i n   b e a c h  areas and i n   t h e   r e c r e a t i o n a l   o p p o r t u n i t i e s  
t hey   a f fo rd .  Swimming was s e l e c t e d  as t h e   i n d i c a t o r   a c t i v i t y ;  i t s  
monetary   va lue   can   be   es t imated .  

The boa t ing   eva lua t ion   involved   de te rmining   the  impacts on 
r e c r e a t i o n a l   b o a t i n g   a c t i v i t y ,   e x i s t i n g   b o a t i n g   f a c i l i t i e s ,   a n d  
commerc ia l   f i sh ing .  Only the   Un i t ed  States s i d e  was s t u d i e d .  The 
monetary  value was e s t ima ted  as a f u n c t i o n  of t he   pe rcen tage   o f  time 
small boa t s  are i n o p e r a b l e   d u e   t o  water l e v e l   c h a n g e s ,   o r   t a k e n  as the 
c o s t   o f   d r e d g i n g   t o   a l l o w  them t o   o p e r a t e   t h e  same as under 
basis-of-comparison  condi t ions,   whichever  was t h e  least  c o s t   a l t e r n a t i v e .  

The p r o c e d u r e   f o r   e v a l u a t i n g   t h e  impacts on   shore   p roper ty   due   to  
e ros ion   a s sumed   t ha t   t he  amount  of material eroded  from a b l u f f  i s  
d i r e c t l y   r e l a t e d   t o   t h e  wave ene rgy   r each ing   t he   t oe   o f   t he   b lu f f .   Th i s  
energy  i s  dependent   on   wind   speed   and   d i rec t ion ,   shore l ine   phys iographic  
parameters, a n d   p r e v a i l i n g  water l e v e l s .  Changes i n   t h e  la t ter  a l t e r  t h e  
ra te  of erosion.  Monetary damages  were  computed as a f u n c t i o n  of t h e  
wave energy.  The e v a l u a t i o n   o f   i n u n d a t i o n   a l o n g   t h e   s h o r e l i n e  was based 
upon a stage-damage-frequency  method  which  has  been  successfully  applied 
t o  numerous r i v e r   s y s t e m s .  The primary parameters were a v a i l a b l e  
recorded  damage d a t a ,  water l eve l s   and   phys iog raph ic   da t a .   Inunda t ion  i s  
an   event   type   p rocess   and   the   eva lua t ion   procedure   involved   de te rmining ,  
on a m o n t h l y   b a s i s ,   t h e   p r o b a b i l i t i e s  of  short-term rises occur r ing  a t  
d i f f e r e n t  mean water l eve l s   t o   p roduce   peak   s to rm water l e v e l s   a n d  
consequent   f looding.  
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Damages are c a u s e d   t o   m a r i n e   s t r u c t u r e s  by both  high  and  low water 
l eve l s .   Ex t r eme  low water increases   the   f requency   of   exposure   o f  
normal ly   submerged   un t rea ted   t imber   subs t ruc tures ,   which   acce lera tes  
decay  and  thus  reduces a s t r u c t u r e ' s   u s e f u l   l i f e .   T h e r e  i s  a f u r t h e r  
economic  detriment i n   t h e   r e s t r i c t e d   a c c e s s   t o   s t r u c t u r e s   d u e   t o   r e d u c e d  
navigable   depths .   Extreme  high water c a n   a l s o   r e s u l t   i n   l o s s e s   d u e   t o  
inunda t ion  of t he   l and   approach   t o  some s m a l l e r   s t r u c t u r e s ,  as  well as  
p o s s i b l e   p h y s i c a l  damage o r   d e s t r u c t i o n .  

With r e s p e c t   t o  water i n t a k e s   f o r   s h o r e l i n e   i n d u s t r i e s   a n d  
communi t i e s ,   t he   e f f ec t  of  low l a k e   l e v e l s  i s  t o   i n c r e a s e  pumping c o s t s  
a n d ,   i n   t h e   e x t r e m e ,   c a u s e  pump impeller c a v i t a t i o n .   S h a l l o w  water 
. d e c r e a s e s   t h e   q u a l i t y  of t h e   i n t a k e  water because   o f   i nc reased   t u rb id i ty  
a s  a r e s u l t   o f  wave a c t i o n   t r a n s p o r t i n g  more bottom  sediments;  i t  a l s o  
i n c r e a s e s   t h e   r i s k   o f   c e r t a i n  i ce  problems.   High  lake  levels  may erode  
o r   i nunda te   t he   founda t ion   o f  a l ake - s ide   p l an t .  Of t h e s e  e f fec ts ,  i t  
was o n l y   p o s s i b l e   t o   q u a n t i f y   i n c r e a s e d  pumping c o s t s .  

Of t h e   t o t a l  array of s c e n a r i o s ,   t h e   h y d r o l o g i c   r e s u l t s  of ten   were  
s e l e c t e d   f o r   e c o n o m i c   e v a l u a t i o n .  Of t h e s e ,   t h r e e  were e v a l u a t i o n s  of 
t h e   s e n s i t i v i t y  of the  basis-of-comparison. Of the   remainder ,   the   on ly  
one   p roduc ing   an   ove ra l l   annua l  ne t  b e n e f i t  i s  t h a t   w h i c h   i n c r e a s e s   t h e  
Welland Canal flow  from 7,000 t o  9,000 c f s ,   w h i l e   k e e p i n g   t h e   o t h e r  
d i v e r s i o n s  a t  t h e i r   c u r r e n t  rates; as  previous ly   no ted ,   however ,   th i s  
s c e n a r i o   h a s  become a f a c t   d u r i n g   t h e   c o u r s e  of t h i s   s t u d y .  The 
e v a l u a t i o n   s h o w s   b e n e f i t s   t o   c o a s t a l   z o n e   i n t e r e s t s   o f   a b o u t  
$0.6 m i l l i o n ,  power i n t e r e s t s   o f   a b o u t  $1.0 m i l l i o n ,   a n d   r e c r e a t i o n a l  
beaches   and   boa t ing   in te res t s   (Uni ted   S ta tes   s ide   be low  Por t   Huron ,  
Michigan  only)  of about  $0.3 m i l l i o n ,   b u t  a l o s s   t o   n a v i g a t i o n   i n t e r e s t s  
o f   a b o u t   $ 0 . 6   m i l l i o n ,   f o r  a ne t   bene f i t   o f   abou t  $1.3 m i l l i o n .  The 
o t h e r   s i x   s c e n a r i o s  would  produce  net   losses   ranging  f rom $2.8 m i l l i o n   t o  
$69 .5   mi l l i on   annua l ly .  The "maximum-ef f ect  d ivers ion   scenar io"   would  
g e n e r a t e   a n n u a l   e c o n o m i c   b e n e f i t s   t o   c o a s t a l   z o n e   i n t e r e s t s  
( $ 6 . 0   m i l l i o n )   a n d   r e c r e a t i o n a l   b e a c h   u s e r s  ($1.8 mi l l ion) ;   however ,  i t  
would   cause   economic   losses   to   naviga t ion   ($13 .8   mi l l ion) ,  power 
( $ 6 1 . 3   m i l l i o n ) ,   a n d   r e c r e a t i o n a l   b o a t i n g   i n t e r e s t s   ( $ 1 . 6   m i l l i o n ) .   F o r  
t h i s  s cena r io ,   t he   ne t   economic   l o s s   t o   t he   u se r s   o f   t he   sys t em  wou ld   be  
t h e r e f o r e   o f   t h e   o r d e r  of  $69 m i l l i o n   a n n u a l l y .  

Environmental   Evaluat ion  Methodology  and  Resul ts  

The envi ronmenta l   eva lua t ion  was l i m i t e d  by inadequa te   eco log ica l   and  
o t h e r   r e l e v a n t   d a t a .  More d e t a i l e d   a n d   c o s t l y   e n v i r o n m e n t a l   s t u d i e s ,  
e n t a i l i n g   e x t e n s i v e   f i e l d   w o r k ,   w o u l d   n o t   b e   j u s t i f i e d   u n l e s s  some 
f e a s i b l e  management scenario  emerged  which  warranted  subsequent 
development  of a p o s i t i v e   p l a n   o f   a c t i o n .   I n   a n y   e v e n t ,   t h e  Board 
examined   t he   sub jec t s   o f   f i she r i e s ,   w i ld l i f e /we t l ands   and  water q u a l i t y .  

I n   t h e  case of f i s h e r i e s ,   t h e   p r o b a b l e   e f f e c t s   o f   t h e  management 
s c e n a r i o s  were eva lua ted   th rough a review o f   p u b l i s h e d   l i t e r a t u r e .  
Emphasis was p l a c e d   o n   i d e n t i f y i n g   t h e   r e q u i r e m e n t s   o f   t h e   f i s h  
p o p u l a t i o n s   f o r   s p e c i f i c   n e a r s h o r e   h a b i t a t ,   e s p e c i a l l y   w e t l a n d s   a n d  
sha l low  embayments ,   and   ident i fy ing   the   f i sh   spec ies   which   requi re ,  i n  
summer, t h e   c o o l  water of the  hypolimnion. 
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A measure  of   the  value  of   the  lower Great L a k e s   f i s h e r i e s  was 
e s t a b l i s h e d   f r o m   t h e   v a l u e  of t he   commerc ia l   and   spo r t   f i she r i e s .  
D e s c r i p t i o n s   o f   t h e   n e a r s h o r e   h a b i t a t  were o b t a i n e d   f r o m   t h e   l i t e r a t u r e ,  
unpubl i shed   inventor ies   and   topographic   shee ts .  Estimates of  changes i n  
wet land  types,   and  hypol imnion  changes  re la ted  to  water l e v e l s ,  were 
ob ta ined   f rom  the   w i ld l i f e   and  water q u a l i t y   s t u d i e s .  

The p r o b a b l e   e f f e c t s   o n   w i l d l i f e  were eva lu t ed  by a n a l y s i s   o f   t h e  
i m p a c t s   t h a t  water l e v e l   c h a n g e s  would  have  on  wetlands.   Shoreline 
w e t l a n d s   i n   t h e   l o w e r  Great Lakes were i n v e n t o r i e d   a n d   c l a s s i f i e d  
acco rd ing   t o   s even   d i s t i nc t ive   we t l and  t y p e s .  Listings were made of 
wet land-dependent   birds ,  mammals, r ep t i l e s   and   amph ib ians   found   i n   t he  
s tudy  area a n d   o f   t h e i r   h a b i t a t .  Changes i n  water l e v e l s  were r e l a t e d   t o  
changes i n   w e t l a n d  areas a n d   h e n c e   t o   t h e   e f f e c t s   o n   t h e   w i l d l i f e   u s i n g  
them. 

The water qua l i ty   eva lua t ion   i nc luded   an   examina t ion  of t he   fo l lowing  
charac te r i s t ics :   hypol imnion   vo lume  and   oxygen   resources ,   genera l   l ake  
water qua l i t y ,   phosphorus   and   t u rb id i ty   concen t r a t ions ,   c l adophora  
product ion ,  embayment water q u a l i t y ,   a n d  waste d i s p e r s i o n   c a p a b i l i t y .  
S ince   t he   nea r shore  i s  t h e  m o s t   i m p o r t a n t   l a k e   a r e a   f o r   w i l d l i f e ,   f i s h  
product ion   and   var ious  human a c t i v i t i e s ,  t h e  water q u a l i t y   s t u d y   p l a c e d  
e m p h a s i s   o n   e f f e c t s   i n   t h e s e  areas r a t h e r   t h a n   i n   m i d - l a k e .  

The fol lowing  summarizes   the  environmental   evaluat ion.  
Implementat ion  of   the  maximum-effect   d ivers ion  scenario  should  not  
p roduce   any   s ign i f i can t   soc i a l   e f f ec t s .   Popu la t ion   g rowth   t r ends   wou ld  
no t  be d i r e c t l y   a f f e c t e d ;   h o w e v e r ,   a d v e r s e  impacts on  waterborne commerce 
and power product ion   could   induce   popula t ion   sh i f t s .   Hunt ing   pressure  
could   sh i f t   f rom  wet land-dependent  game to   up land   spec ie s .  
Non-consumptive w i l d l i f e - r e l a t e d   r e c r e a t i o n   c o u l d   e x p e r i e n c e  a s l i g h t  
dec l ine .   Beach   r ec rea t ion  would l i k e l y   b e n e f i t  by more exposed 
s h o r e l i n e ,   b u t   r e c r e a t i o n a l   b o a t i n g   c o u l d  be n e g a t i v e l y   a f f e c t e d   d u e   t o  a 
r e d u c t i o n   i n  water d e p t h   i n   s h a l l o w  areas such as  the   connec t ing  
channels,   harbours  and  bays.   Adverse impacts t o   t h e   s p o r t   f i s h e r y   c o u l d  
a l s o  be i n c u r r e d  by lowered water l e v e l s .  Water q u a l i t y  would  not  be 
s i g n i f i c a n t l y   a f f e c t e d .  

ConsumDtive Uses 

The consumptive  uses  component  of  the  study  involved a de te rmina t ion  
of p r e s e n t  water wi thdrawals   and   consumpt ive   uses ,   toge ther   wi th  
p r o j e c t i o n s   f r o m  a base  year   of  1975 t o  2035. Withdrawal  and  consumption 
q u a n t i t i e s  were developed i n  a breakdown by l a k e   b a s i n s ,   n a t i o n s ,   s e c t o r s  
of   the economy,  and l ake   and   non- l ake   ca t egor i e s   ( i . e . ,  water taken  
d i r e c t l y   f r o m   t h e   l a k e s ,   o r   f r o m   i n l a n d   s o u r c e s   s u c h  as t r i b u t a r y  streams 
and   g roundwate r ,   r e spec t ive ly ) .   Seven   s ec to r s   were   cons ide red :  
mun ic ipa l ,   r u ra l -domes t i c ,   manufac tu r ing ,   min ing ,   ru ra l - s tock ,   i r r i ga t ion  
and  thermal  power gene ra t ion .  

Water w i t h d r a w a l   q u a n t i t i e s  are gene ra l ly   me te red   and   p rov ide  a b a s i s  
f rom  which   to   der ive  estimates of consumptive uses. Withdrawals i n  1975 
were   ex t remely   l a rge  (75,600 c f s )  i n  comparison  with  consumptive  uses  
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(4 ,900  c f s ) .  Consumptive  uses as a percentage  of   withdrawals   f rom  each 
lake   ranged   f rom 4.8 t o  10.4 percent .   Lakes  Michigan  and E r i e  had by f a r  
t he   h ighes t   w i thd rawa l s   and   u ses .  

Tn deve lop ing   r easonab ly   fo re seeab le   fu tu re   p ro j ec t ions   o f  
wi thdrawals   and   consumpt ive   uses ,  i t  was n e c e s s a r y   t o   a d o p t  a v a r i e t y   o f  
genera l   assumpt ions ,   based   on   in format ion   and   advice   f rom  appropr ia te  
a u t h o r i t i e s .   T h e s e   a s s u m p t i o n s   r e l a t e d   t o   s u c h   p a r a m e t e r s  as t r e n d s   i n  
popula t ion   growth   and   migra t ion ,  employment l e v e l s ,  GNP, p e r   c a p i t a  
consumption,  economic  growth,  energy  use  and  governmental   policies.  
Based  on  these  assumptions,  a most l i k e l y   p r o j e c t i o n  (MLP) was developed 
f o r   e a c h   o f   t h e   s e v e n  water u s e   s e c t o r s .  However, r e a l i z i n g   t h a t   i n   a n y  
long-range  economic  forecast ing  even  the  most  r ea l i s t i c  of assumptions 
are deba tab le   and  become inc reas ing ly   t enuous  when a p p l i e d   f u r t h e r   i n t o  
t h e   f u t u r e ,   t h e  Board a l s o   t e s t e d   t h e   s e n s i t i v i t y   o f   t h e   a s s u m p t i o n s   o n  
the  computed estimates. Th i s  was done by va ry ing  some o f   t h e  more 
s i g n i f i c a n t   a s s u m p t i o n s ,   w i t h i n  a r e a s o n a b l e   r a n g e   o f   p o s s i b i l i t i e s ,   t o  
p roduce   a l t e rna t ive   h igh   and   l ow  p ro jec t ions   and   t hus   de f ine  a band  of 
p r o b a b l e   f u t u r e   v a l u e s   c e n t e r e d   o n   t h e  MLP. T t  i s  a measure of t h e  
i n h e r e n t   u n c e r t a i n t y   i n   f o r e c a s t i n g   e c o n o m i c   s c e n a r i o s   t h a t   t h e   h i g h   a n d  
low  p ro jec t ions  of t o t a l  consumptive  use i n   t h e   y e a r  2035 are about  
- “ 4 0  percen t  of  t h e  MLP va lue .  

Un i t ed   S t a t e s   mun ic ipa l  water u s e   p r o j e c t i o n s  were based  on  the  1975 
Na t iona l  Water Assessment ,   but   with some mod i f i ca t ions .  The  Canadian 
p r o j e c t i o n s  were r e l a t e d   t o   p o p u l a t i o n   f o r e c a s t s ,   o b t a i n e d   f r o m   t h e  
province   o f   Ontar io ,  by app ly ing   w i thd rawa l   and   u se   coe f f i c i en t s .  The 
two methods are roughly similar, d e s p i t e  some d i f f e r e n c e s   i n   d e t a i l ,  
because  demographic   project ions  prepared by c e n t r a l  s t a t i s t i c a l  agenc ie s  
under l i e  both.  

I n   b o t h   c o u n t r i e s ,  water f o r   r u r a l   d o m e s t i c   u s e  i s  l a r g e l y  drawn  from 
wells, i n l a n d  streams, r e se rvo i r s   and   o the r   non- l ake   sou rces ;  i t  i s  
r e l a t i v e l y  small a n d   h a s   v i r t u a l l y  no e f f e c t   o n  Great Lakes   l eve l s .  
Estimates were b a s e d   o n   r u r a l   p o p u l a t i o n   f o r e c a s t s   a n d   p e r   C a p i t a  rates 
of  consumption. 

The manufactur ing water use   s ec to r   r ep resen t s   t he   w i thd rawa l   and  
consumption  of Great Lakes water by u s e r s   t r a d i t i o n a l l y   c o n s i d e r e d  as 
par t   o f   heavy   indus t ry .   Such   users  may b e   e i t h e r   s e l f - s u p p l i e d   o r  
suppl ied   f rom  cent ra l   sys tems.   Manufac tur ing  i s  the   l a rges t   consumer   o f  
water i n   t h e   b a s i n ,   t h e   a b u n d a n c e   o f  water be ing   t he   p r imary   r eason   t ha t  
t h i s   r e g i o n   o f   t h e   U n i t e d   S t a t e s  i s  s o  h e a v i l y   i n d u s t r i a l i z e d .  The Great 
Lakes   bas in  i s  l i k e w i s e   t h e   m o s t   i m p o r t a n t   i n d u s t r i a l  area i n  Canada. 
I n c r e a s e s   i n   m a n u f a c t u r i n g   c o n s u m p t i v e   u s e s   i n d i c a t e d   i n   t h i s   s t u d y  are 
p r imar i ly   dependen t   on   a s sumpt ions   conce rn ing   t echno log ica l   changes   i n  
t h e   v a r i o u s   i n d u s t r i e s   i n v o l v e d   a n d   t h e   i n s t i t u t i o n   o f   c l o s e d   r e c y c l i n g  
sys t ems   fo r   coo l ing   and   p rocess  water, i n   r e s p o n s e   t o   c l e a n  water laws, 
water a v a i l a b i l i t y   a n d   e c o n o m i c   f e a s i b i l i t y .  The U n i t e d   S t a t e s  MLP 
assumed t h a t  new i n d u s t r i e s  w i l l  meet t h e   o r i g i n a l   r e q u i r e m e n t s  of t h e  
1972  Clean Water Act; i n   c o n t r a s t ,   t h e   C a n a d i a n  MLP h e l d   t h e  
r ec i r cu la t ion   and   consumpt ion  rates c o n s t a n t .   I n   m o s t   o t h e r   r e s p e c t s ,  
the   complex   model l ing   approaches   in   each   count ry  were s u b s t a n t i a l l y   t h e  
same. 
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Water i s  u s e d   f o r  a v a r i e t y  of mining  processes ,   including metals, 
n o n - m e t a l l i c   m i n e r a l s   a n d   m i n e r a l   f u e l s .  The Great Lalces supply  about  80 
percent  of mining water r equ i r emen t s   i n   t he   bas in .   Me thodo log ie s   fo r  
deve loping   bo th   Uni ted   S ta tes   and   Canadian   f igures  were based  on water 
use  p e r  p r o d u c t i o n   d o l l a r   i n   e a c h   m i n e r a l   s e c t o r   a n d   p r o j e c t i o n s  were 
t i e d   t o   e a c h   c o u n t r y ' s   e c o n o m i c   c l i m a t e .  

Rura l   s tock  water u s e   r e f e r s   t o   t h e   w i t h d r a w a l   a n d   c o n s u m p t i o n  of 
water fo r   t he   f eed ing   and   s an i t a t ion   o f   l i ves tock .   Consumpt ion ,   wh ich  i s  
a compara t ive ly   minor   por t ion  of t h e   t o t a l  demand o n   t h e  Great Lakes 
bas in ,   i nc ludes   an ima l   d r ink ing  water, evaporation  from  stockwater  ponds 
a n d   l o s s e s  of c leaning  and waste water .  The United  States   methodology 
p r o j e c t e d   t h e  number of d i f f e r e n t   t y p e s  of   an imals   on   the   bas i s   o f  
populat ion  growth rates and  presumed a d i r e c t   r e l a t i o n s h i p   w i t h  demand. 
The Canadian  methodology was based  on  per  capi ta  meat and   da i ry   p roduc t s  
demand. 

I r r i g a t i o n  water, which i s  a l s o  a comparatively  minor demand on   the  
b a s i n ,  i s  primarily  drawn  from  non-lake  sources.  I t  i n c l u d e s   t h e  
wa te r ing   o f   c rops ,   pas tu re s ,   o rcha rds ,   go l f   cou r ses   and   pub l i c   l ands   such  
as p a r k s   a n d   f o r e s t s .  

I n   t h i s   s t u d y ,  water f o r  power g e n e r a t i o n   r e f e r s   t o   t h a t  which i s  
r e q u i r e d   f o r   c o o l i n g   p u r p o s e s   i n   t h e r m a l - e l e c t r i c  power g e n e r a t i n g  
s t a t i o n s ;   c o n s u m p t i v e   u s e   i n   h y d r o - e l e c t r i c   g e n e r a t i o n  i s  i n s i g n i f i c a n t  
and   has   therefore   no t   been   cons idered .   Water   for   thermal   p lan t   cool ing  
c u r r e n t l y   r e p r e s e n t s   t h e   m o s t   s i g n i f i c a n t  demand on   t he   Grea t   Lakes   i n  
terms of   withdrawal   and,  by t h e   e n d   o f   t h e   p r o j e c t i o n   p e r i o d ,  w i l l  become 
the  dominant  type  of  consumption. The m a j o r i t y  of o lde r   t he rma l -e l ec t r i c  
power gene ra t ing   p l an t s   u t i l i ze   once - th rough   condense r   coo l ing   sys t ems  
having  high water withdrawals  and  only  minimal  measured  consumptive 
l o s s e s   ( a l t h o u g h  some add i t iona l   consumpt ion   occu r s   due   t o   i nc reased  
evapora t ion  of  heated water a f t e r  i t  i s  d i scha rged   t o   l akes   and  
streams). I n  more r ecen t   yea r s   t he re   has   been   i nc reased   u se  of "wet" 
c o o l i n g   t o w e r s   i n   t h e   U n i t e d   S t a t e s   t o   d i s s i p a t e  waste h e a t   v i a   t h e  
evapora t ion   of  a p o r t i o n   o f   t h e  water f lowing   th rough  the   tower .   This  
process   reduces   wi thdrawals ,   bu t  i t  i s  s i g n i f i c a n t l y  more consumptive. 
Thus, as o l d   p l a n t s  are phased  out  and new p l a n t s  are c o n s t r u c t e d ,  
p r o j e c t e d   t o t a l  water withdrawal  rates f o r  power g e n e r a t i o n  w i l l  
decrease ,   whi le   consumpt ive   use  w i l l  s u b s t a n t i a l l y   i n c r e a s e .   A l t h o u g h  
new t e c h n o l o g y   h a s   p r o v i d e d   t h e   a l t e r n a t i v e  of "d ry"   ( a i r   coo led - rad ian t  
h e a t   t r a n s f e r )   c o o l i n g   t o w e r s ,   t h e   p r o c e s s  i s  cu r ren t ly   no t   economica l ly  
v i a b l e   s i n c e   t h e   c o o l i n g   t e c h n o l o g y  i s  cons ide rab ly  less e f f i c i e n t   a n d  
consumes   cons iderable   energy   resources .  



A summary of t he   consumpt ive   u ses   fo recas t s  is  given  below.   (All  
f i g u r e s  are i n   c f s . )  

19  75  2000  2035 

Use Sector  High MLP Low High MLP Low - - - - 
Munic i p a  1 830 1 ,400  1,100 910 2 ,600 1 , 6 0 0  1 , 3 0 0  
Rural-Domestic 330  390  390 38 0 450 450 440 
Manufacturing 2 , 5 0 0  5 ,900  4 ,600  4 ,000  14 ,200  9 ,500  7,000 
Mining 240  340  340 34 0 53 0 500 490 
Rural-Stock 210  280 2 50 230 4 10 360 310 
I r r i g a t i o n  350   700  630  620  1 , 2 0 0  1,000 1,000 
Power 480   2 ,700  2 , 6 0 0  1 ,500  17 ,100  12,000 5,800 

TUTAL 4,900  11,900 9,900 8,000 36 ,500  25 ,400 16 ,300  

Country 

United States  4 , 3 0 0  9 , 9 0 0  8 , 5 0 0  6 ,800 28 ,000 20 ,900 13,300 
Canada 600  2 ,000 1,400 1 ,200  8 ,500  4 ,500   3 ,000  

Note: A l l  t o t a l s  have  been  rounded t o   t h e   n e a r e s t   h u n d r e d s .  

I t  should   be   no ted   tha t   the   g radual ly   increas ing   consumpt ive   uses  of 
water c o n t r i b u t e s   t o  a g r a d u a l   d e c r e a s e   i n   t h e   n e t  water s u p p l i e s   t o   t h e  
Great L a k e s   b a s i n   w h i c h ,   i n   t u r n ,   l o w e r s   t h e   l e v e l s  of t he   l akes   and  
r e d u c e s   t h e i r   o u t f l o w s ,  a consequence  which i s  c u m u l a t i v e l y   g r e a t e r  
downward through  the   cha in   o f  Great Lakes.  The MLP p r o j e c t i o n   o f   t o t a l  
consumptive  uses i n  2035 r e p r e s e n t s   a n   i n c r e a s e  of 20,500 c f s   f r o m  1975 .  
T h i s   i n c r e a s e  i s  e q u i v a l e n t   i n   m a g n i t u d e   t o  8.6 percent   o f   the  mean 
outf low  of   the S t .  Lawrence  River .   The  impacts   ( in   feet)   on  the mean 
l e v e l s  of t h e   u n r e g u l a t e d   l a k e s  are  a s  fo l lows :  

Lakes - High MLP - - Low 

Michigan-Huron -1.06  -0.73  -0.38 

E r i e  -1.13  -0.76 -0 - 3 8  

- 15 - 
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INTERNATIONAL GREAT LAKES DIVERSIONS 
AND CONSUMPTIVE  USES STUDY 

Sec t ion  1 

INTRODUCTION 

1.1 Purpose  and  Authori ty  

By a Reference  dated  October  7,  1964,  the  Governments of  Canada and 
t h e   U n i t e d   S t a t e s   r e q u e s t e d   t h e   I n t e r n a t i o n a l   J o i n t  Commission ( I J C )   t o  
s t u d y   t h e   v a r i o u s   f a c t o r s  which a f f e c t   t h e   f l u c t u a t i o n s  of t h e  water l e v e l s  
o f   t he  Great Lakes  and  to  determine  whether  measures  could  be  taken  to 
f u r t h e r   r e g u l a t e   t h e  Great Lakes so as t o   b r i n g   a b o u t  a more b e n e f i c i a l  
range  of   s tage.  A s  a r e s u l t  of t h i s   R e f e r e n c e ,   t h e  IJC e s t a b l i s h e d   t h e  
I n t e r n a t i o n a l  Great Lakes  Levels  Board (IGLLB) i n  1964  to   conduct   the  
s tudy.  That Board  submitted i t s  r e p o r t   t o   t h e  IJC i n  1973. 

Upon complet ion of t he   Boa rd ' s   s tudy   and   r epor t ,   da t ed  December 7, 
1973 ,   t he  IJC, i n  1976,  submitted i t s  repor t   "Fur the r   Regu la t ion  of t h e  
Great Lakes"  to   the  Governments .  The IJC i d e n t i f i e d   d i v e r s i o n s   i n t o ,   o u t  
of a n d   w i t h i n   t h e  Great Lakes  basin  and  consumptive  uses of water as two of 
t h e   f a c t o r s   a f f e c t i n g   l a k e  levels. For   the  purpose of studying  improved 
r egu la t ion   p l ans ,   t he   Leve l s   Boa rd ' s   s tudy   a s sumed   ex i s t ing   d ive r s ions   t o  
be   cons t an t   ove r   t he   s tudy   pe r iod  a t  t h e i r   c u r r e n t   a v e r a g e   a n n u a l  rates. 
The e f f e c t s  of the   cur ren t   and   pro jec ted   consumpt ive   use  of water were 
c o n s i d e r e d   b u t   n o t   i n v e s t i g a t e d   i n   d e t a i l .   T h e r e f o r e ,   t h e  IJC recommended 
t h a t   t h e s e  two subjects  should  be  examined more c l o s e l y .  The  Governments 
agreed  and,  by a Reference   da ted   February  2 1 ,  1 9 7 7   ( f u l l  text ,  Annex A), 
r e q u e s t e d   t h e  IJC "...to  examine i n t o   a n d   r e p o r t  upon t h e   f o l l o w i n g  matters 
which  have,  or may have, material e f f e c t s  on water   l eve ls   and   f lows  of t h e  
B a s i n ,   i n c l u d i n g   t h e   i n t e r n a t i o n a l   a n d   C a n a d i a n   r e a c h e s  of the  St.   Lawrence 
River  : 

1. E x i s t i n g   a n d   r e a s o n a b l y   f o r e s e e a b l e   p a t t e r n s  of  consumptive  uses 
of  Great  Lakes waters; 

2. Exis t ing   d ivers ions ,   inc luding   the   Wel land   Canal   and   the  New York 
State Barge   Canal ,   and   federa l ,  s ta te  or   p rovinc ia l ly   sponsored   or   approved  
proposed new o r   changed   d ive r s ions ,   w i th in ,   i n to   o r   ou t  of the   Bas in ,   and ,  
i n   p a r t i c u l a r  , 

3. E x i s t i n g   d i v e r s i o n s  a t  Chicago  and a t  Long Lac/Ogoki,  and  the 
proposed  s tudy  and  demonstrat ion  program  authorized by U n i t e d   S t a t e s  P.L. 
94-587 a f f e c t i n g   t h e  ra te  of d i v e r s i o n  a t  Chicago." 

To c a r r y   o u t   t h i s   s t u d y ,   t h e  I J C  e s t a b l i s h e d   t h e   I n t e r n a t i o n a l  Great 
Lakes  Diversions  and  Consumptive Uses Study  Board on l a y  3 ,  1977. The 
Commission 's   inst ruct ions  to   the  Board were set o u t   i n  i t s  D i r e c t i v e  of 
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May 10, 1977  (Annex  B). The D i r e c t i v e   i n s t r u c t e d   t h e  Roard t o   " i n  
p a r t i c u l a r   a s s e s s   t h e   e f f e c t s  of v a r y i n g   t h e  ra te  of e x i s t i n g   d i v e r s i o n s  
du r ing   pe r iods  of e x t r e m e   l e v e l s  on t h e  Great Lakes." A Plan of Study was 
developed by t h e  Board  and  approved by t h e  Commission on January 5, 1978. 

T h i s   r e p o r t   t o   t h e  I J C  has   been   prepared   to   p resent   the   Board ' s  
f indings,   conclusions,   and  recommendat ions on i t s  s tudy  of d ivers ions   and  
consumptive  uses   conducted  in   accordance  with  the  Reference  and  Direct ive 
c i t e d .  

1 . 2  Constraints  and  Assumptions 

This   s tudy  assumes no c h a n g e s   i n   t h e   p r e s e n t   p h y s i c a l   c a p a c i t i e s  of 
t h e   e x i s t i n g   d i v e r s i o n s .  Maximum and minimum €low limits of each   d ive r s ion  
(current   and  proposed)  are cons i s t en t   w i th   pas t   expe r i ence .   Wi th in   t hese  
limits, t h e   e f f e c t s  of changes i n   d i v e r s i o n  rates on Great Lakes levels and 
ou t f lows   ove r   t he   fu l l   r ange  of water   supply   condi t ions  were determined. 

For   the  purpose of d e t e r m i n i n g   t h e   q u a n t i t i e s  of d ivers ions   and  
consumptive  uses,  i t  was assumed t h a t   t h e   G r e a t   L a k e s   b a s i n   c o n s i s t s  of t h e  
l akes   and   t he  streams t r i b u t a r y   t h e r e t o .  However, impacts were determined 
on ly   fo r   t he   l akes ,   connec t ing   channe l s   and   ou t f low  r ive r s .   Add i t iona l ly ,  
i n  t h e   c a s e  of d i v e r s i o n s ,   p a r t i c u l a r l y   t h e  Lake  Yichigan  Diversion a t  
Chicago,   the Long Lac/Ogoki  Diversions  and  the  Welland  Canal,   impacts were 
considered  wherever   they  occurred.  

S i n c e  time c o n s t r a i n t s   p r e c l u d e d   e x t e n s i v e   f i e l d   s u r v e y s ,   o n l y  
ex i s t ing   da t a ,   and   da t a   wh ich  became r e a d i l y   a v a i l a b l e   d u r i n g   t h e   c o u r s e  of 
t h e   s t u d y ,  were used. 

1.3 Study  Organizat ion  and  Coordinat ion 

The I n t e r n a t i o n a l  Great Lakes Diversions  and  Consumptive Uses Study 
Board o r g a n i z a t i o n a l   s t r u c t u r e  i s  shown on  Figure 1-1. The €unc t ions  of 
t h e  Board  and  each  of  the  supporting  elements of t h e  Board a r e   d i s c u s s e d  
below. The Board  gave  guidance t o  i t s  Working  Committee  with  respect t o  
s t u d y   d i r e c t i o n ,   r e p o r t e d   t o   t h e  IJC on  s tudy  progress ,   and was s o l e l y  
r e s p o n s i b l e   f o r   t h e   s t u d y   r e p o r t   c o n t e n t .  The Working  Committee  organized 
a c t i v i t i e s  a n d   d i r e c t e d   t h e   n e c e s s a r y   i n v e s t i g a t i o n s   t o   r e p l y  t o  the   S tudy  
Board ' s   Di rec t ive .  

The Diversions  Subcommittee was r e s p o n s i b l e   f o r  a l l  t e c h n i c a l   s t u d i e s  
r e l a t e d   t o   t h e   h y d r a u l i c s   a n d   h y d r o l o g y  of the  system. It was a l s o  
r e s p o n s i b l e   f o r   d e t e r m i n i n g   t h e   e f f e c t s  of t h e   c u r r e n t   d i v e r s i o n  rates on 
t h e  Great Lakes  system  and  for   developing  possible  management s c e n a r i o s   f o r  
vary ing   these   d ivers ions .   Fur ther ,   the   subcommit tee  was r e s p o n s i b l e   f o r  
de t e rmin ing   t he   hydro log ic   impac t s  of present   and   probable   fu ture  
consumptive  uses  within  the  Great  Lakes.  
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The  Consumptive Uses S u b c o m i t t e e   a d d r e s s e d   i t s e l f   t o   a s s e s s i n g   t h e  
present   and  probable   future   consumptive  uses   within  the  Great   Lakes  basin.  

The Environmental   Evaluat ion  Subcommit tee   evaluated  the  environmental  
and   soc i a l   impac t s  of t h e   d i v e r s i o n  management scena r ios .  

The Public  Involvement  Program Ad-Hoc Group deve loped   and   a s s i s t ed   i n  
ca r ry ing   ou t  a public  involvement  program. 

A t  t h e  time t h a t   t h e  I J C  was d i r e c t e d   t o   c o n d u c t  a s tudy  of Great 
Lakes  divers ions  and  consumptive  uses ,  i t  was a l s o   d i r e c t e d   t o   c o n d u c t  a 
s t u d y   t o   d e t e r m i n e   t h e   f e a s i b i l i t y  of l imi t ed   r egu la t ion   o f   Lake  Erie. To 
ensu re   t ha t   t he   p rog res s   and   r e su l t s   ob ta ined   f rom  these  two s t u d i e s  were 
f u l l y   c o o r d i n a t e d ,   l i a i s o n  was c a r r i e d   o u t  by i n d i v i d u a l s  who served   bo th  
Boards  through  joint   membership.   Further ,   s ince much of t h e  work  of t h e  
two  Study  Boards was i d e n t i c a l ,   t h e i r   P l a n s  of Study were coord ina ted  t o  
a v o i d   d u p l i c a t i o n  of e f f o r t  be tween   t he   s tud ie s .   A l so ,   t he   D ive r s ions   and  
Consumptive Uses Board r e l i e d   h e a v i l y  on t h e  Lake Erie Regulat ion  Study 
Board  €or   the  economic  and  par t ia l   environmental   evaluat ion of d i v e r s i o n  
management scena r ios .   L ia i son  was ma in ta ined   w i th   t he  IJC's Great Lakes 
Boards of Cont ro l .   L ia i son  was a l s o   e s t a b l i s h e d   w i t h  members of t h e  
Chicago Dis t r ic t  of the  Corps  of  Engineers who are conduct ing a s tudy  
e n t i t l e d ,   " I n c r e a s e d  Lake  Yichigan  Diversion a t  Chicago  Demonstration  and 
Study  Program."  That  study was a u t h o r i z e d  by t h e  U.S. Congress   for   the  
purpose of i n v e s t i g a t i n g   t h e   f e a s i b i l i t y  of i n c r e a s i n g   t h e  amount of water 
diverted  from  Lake  Michigan a t  C h i c a g o   i n t o   t h e   I l l i n o i s  Waterway dur ing  
pe r iods  of above  normal  Lake  Michigan  levels. 

1.4 P u b l i c   P a r t i c i p a t i o n  

The I n t e r n a t i o n a l   J o i n t  Commission, as p a r t  of i t s  p o l i c y  of keeping 
the   pub l i c   i n fo rmed  of i t s  s t u d y   a c t i v i t i e s ,   h e l d  a series of p u b l i c  
hea r ings   du r ing  1977. The Board w a s  i n  a t t endance  a t  these hearings and 
was d i r e c t e d  by t h e  I J C  t o   keep   t he   pub l i c   i n fo rmed  as the   s tudy  
progressed.  

To comply w i t h   t h i s   d i r e c t i v e  a Public  Involvement  Program Ad-Hoc 
Group was e s t a b l i s h e d   i n   A p r i l  1978. It was g i v e n   t h e   t a s k  of prepar ing  
and i n s t i t u t i n g  a pub l i c   i nvo lvemen t   ac t ion   p l an   appropr i a t e   t o   t he   needs  
of t he   s tudy .  The o b j e c t i v e s  of the   p lan   deve loped  were: 

3. To inform a l l  i n t e r e s t e d   p e o p l e  and groups of t he   s tudy ' s   pu rpose ,  
scope ,   p rogress ,   and   f ind ings ;  

b. To p resen t  €or publ ic   review  and comment t h e  most  promising 
d i v e r s i o n  management scena r io   cons ide red  by the  Study  Board  and  the 
projected  t rends  for   water   withdrawal   and  consumptive  use  to   the  year  2035; 
and, 

C. To assess pub l l c   i npu t   and   i nco rpora t e  i t  i n t o   t h e   B o a r d ' s  
f i n d i n g s   a s   a p p r o p r i a t e   € o r   p r e s e n t a t i o n   t o   t h e  I J C .  
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These  goals  were achieved   th rough  the   use  of a series of n e w s l e t t e r s  
e n t i t l e d   " D i v e r s i o n s " ,  news releases t o   t h e  media,  and a series of p u b l i c  
workshops  held  in  ?lay 1980 a t  v a r i o u s   l o c a t i o n s   w i t h i n   t h e  Great Lakes 
bas in .  The n e w s l e t t e r s  were pub l i shed   i n   bo th   Eng l i sh   and   F rench .  The 
news le t t e r s   and  a r e p o r t  on the  workshops are i n c l u d e d   i n  Annex C. 

1 .5  Othe r   S tud ie s  

Ongoing s t u d i e s   t h a t  were p e r t i n e n t   o r  of s p e c i a l   i n t e r e s t   t o   t h i s  
s tudy   i nc luded   t he   fo l lowing :  

a.  The I n t e r n a t i o n a l  Lake Erie Regulat ion  Study - This   s tudy  was 
conducted by a Board   es tab l i shed  by t h e  IJC t o   d e t e r m i n e   t h e   p o s s i b i l i t i e s  
f o r   l i m i t e d   r e g u l a t i o n  of  Lake Erie, c o n s i s t e n t   w i t h   t h e   p r i n c i p l e  of 
s y s t e m i c   r e g u l a t i o n  of t h e  Great Lakes. The s tudy  was d i r e c t e d  by a 
February  21,   1977  Reference  from  the  Governments of t h e   U n i t e d   S t a t e s   a n d  
Canada t o   t h e  IJC. 

b. Increased  Lake  Michigan  Diversion a t  Chicago  Demonstration  and 
Study  Program - This   s tudy  was c a r r i e d   o u t  by the  Chicago District ,  Corps 
of   Engineers ,   under   authori ty  of S e c t i o n  166  of t h e  U.S. Water Resources 
Development Act of  1976 (P.L. 94-587). The purpose of the   s tudy   and  
demonst ra t ion  was t o  tes t  t h e   p r a c t i c a b i l i t y  of increas ing   the   Lake  
Michigan  Diversion up t o   1 0 , 0 0 0   c f s   d u r i n g  times when Lake  Michigan  levels  
would  be  above i t s  long- t e rm  ave rage ,   t o   a l l ev ia t e   sho re l ine  damage on t h e  
Great Lakes  caused by h i g h   l a k e  levels  and  to   improve  the water q u a l i t y  of 
t h e   I l l i n o i s  Waterway. 

c. The I n t e r n a t i o n a l  S t .  Lawrence  River  Board of Cont ro l ' s   cont inuing  
s t u d i e s   r e l a t i n g   t o   r e g u l a t i o n  of t h e  levels  and  outf lows of Lake  Ontario,  
t h e   I n t e r n a t i o n a l   R a p i d s   S e c t i o n  of t h e   S t .  Lawrence  River  and  downstream. 

P r i o r   r e p o r t s   t h a t  were p e r t i n e n t   o r  of s p e c i a l   i n t e r e s t   t o   t h i s   s t u d y  
are l i s t e d   i n  Annex D. 
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Sec t ion  2 

RESOURCES AND ECONOMY OF THE STUDY AREA 

2.1 Great Lakes,  Outflow Rivers and  Hydrologic  Boundaries 

The Great Lakes   and   the i r   connec t ing   channels   ex tend   roughly  west t o  
east. The l a n d  area c o n t i g u o u s   t o   t h e  Great Lakes i s  l i n k e d   t o   t h e  Great 
Lakes by r ivers   and   channels   forming  a s ing le   d ra inage   sys t em  wh ich   f l ows  
i n t o   t h e  S t .  Lawrence   River   and   thence   to   the   At lan t ic  Ocean. 

2.1.1 Study Area 

The s tudy  area encompasses t h e  Great Lakes-St.  Lawrence  River  system 
from  the  wester ly   end  of   Lake  Superior   to   Trois-Rivieres  on t h e  S t .  
Lawrence River, about  80 miles downstream  from  Montreal.  This  system i s  
bordered by e i g h t  s ta tes  -- Minneso ta ,   Wiscons in ,   I l l i no i s ,   I nd iana ,  
Michigan,  Ohio,  Pennsylvania,  and New York -- and by the   p rovinces   o f  
Ontar io   and Quebec.  The f i v e  Great Lakes -- Superior,   Michigan,  Huron, 
Erie, and   Ontar io  -- wi th   t he i r   connec t ing   r i ve r s ,   and   Lake   S t .  Clair, have 
a water s u r f a c e  area of about  95,000  square miles. A map of t h e   s t u d y   a r e a  
i s  shown i n   F i g u r e  2-1. 

2.1.2 Level  Datum 

The p resen t  water l e v e l  datum  used on the   Grea t   Lakes  i s  known as t h e  
In t e rna t iona l   Grea t   Lakes  Datum-1955  (IGLD-1955). It measures  the 
d i f f e r e n c e   i n   e l e v a t i o n   b e t w e e n  sea l e v e l  a t  Father  Point,   Quebec,  and  any 
p o i n t   i n   t h e   b a s i n .   T h i s  datum was developed  to   provide  Canadian  and U.S. 
a g e n c i e s   w i t h   a n   o f f i c i a l   d a t u m ,   a c c e p t a b l e   t o   b o t h   c o u n t r i e s ,  on which 
des ign   and   opera t ion  of t h e  S t .  Lawrence  Seaway  and Power P ro jec t   cou ld  
proceed. Over a pe r iod  of time, gauge   r e l a t ionsh ips   have   i den t i f i ed  a 
d i f f e r e n t i a l  movement of t h e  ear th 's  c r u s t  i n  t h e  Great Lakes  region  which 
a f f e c t s   t h e   r e l a t i o n s h i p   b e t w e e n   t h e   a c t u a l  water l e v e l  a t  a g iven   p lace  
a n d   t h e   e l e v a t i o n   i n d i c a t e d  by t h e   r e a d i n g  of a gauge a t  t h e  same l o c a t i o n .  
Because of t h i s   c r u s t a l   e f f e c t ,  i t  has  become i m p o r t a n t   t o  show t h e   y e a r   i n  
which  the  datum  elevat ions are assigned.   With  the  passage of time, it may 
become n e c e s s a r y   t o   a d j u s t   t h e   r e f e r e n c e   e l e v a t i o n  a t  t h e  gauge t o   a l l o w  
f o r  i t s  movement w i t h   r e s p e c t   t o   F a t h e r   P o i n t   d u r i n g   t h e   i n t e r v e n i n g  
per iod.  

Low water datum (LWD) on each   l ake  is  t h e  water l e v e l   t o  which  depths 
on navigat ion  char ts   and  harbour   and  channel   improvements  on t h e  Great 
Lakes are r e f e r r e d .  The e l e v a t i o n s  of  LWD f o r   t h e  Great Lakes are shown i n  
Table  3-4 a n d   t h e   p r o f i l e   i n   F i g u r e  2-2. 

2.1.3  Lake Super ior   and   S t .  Marys River 

Lake  Superior ,   the   uppermost   and  largest  of t h e  Great Lakes,  
d i scha rges   t h rough   t he  S t .  Marys River  into  Lake  Huron, shown i n   F i g u r e  
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2.2. In   t he   uppe r   14  miles, t h e   r i v e r   f a l l s   a p p r o x i m a t e l y  0.2 f o o t ;   i n   t h e  
n e x t  0.75 mile th rough   t he  S t .  Marys Rapids,  it f a l l s   a p p r o x i m a t e l y  20 
f e e t .  The r e m a i n i n g   f a l l ,   a b o u t  two f e e t ,   t a k e s   p l a c e   i n   t h e   4 8  miles 
be tween  the   foo t  of the   rap ids   and   Detour   Passage  a t  Lake Huron. Because 
of t h i s   v e r y   m i l d   s l o p e   t o   L a k e   H u r o n ,   t h e  water l e v e l s  a t  t h e   f o o t  of t h e  
r a p i d s  i n  t h e   v i c i n i t y  of   Saul t  S t e .  Marie a r e   a f f e c t e d  by t h e  levels of 
Lake  Huron. To compensa te   fo r   t he   e f f ec t  on Lake   Supe r io r   l eve l s  of  power 
d i v e r s i o n s   a r o u n d   t h e  S t .  Marys Rapids,  a ga ted  dam was c o n s t r u c t e d   a c r o s s  
t h e  S t .  Marys River  a t  the   head  of t he   r ap ids .   S ince   t he   comple t ion   o f  
t h i s  dam i n  1921,   the   d i scharge   f rom  Lake   Super ior   has   been   fu l ly   regula ted  
and i s  u n d e r   t h e   s u p e r v i s i o n  of t h e  IJC through i t s  I n t e r n a t i o n a l   L a k e  
Superior  Board of Control .  

The natural   supply  to   Lake  Superior   has   been  augmented by d i v e r s i o n s  
f rom  the   Albany  River   bas in   th rough  the  Long Lac and  Ogoki P r o j e c t s   i n  
Canada. Subsec t ion  4.2 g i v e s   f u r t h e r   d e t a i l s .  The present   Lake   Super ior  
r egu la t ion   p l an   accommoda tes   t hese   d ive r s ions   w i th in   t he  IJC c r i t e r i a  f o r  
t h e   r e g u l a t i o n  o€ t h e   l a k e .  

2.1.4 Lakes  Michigan-Huron  and S t .  C l a i r - D e t r o i t   R i v e r s  

Lakes  Michigan  and  Huron  stand a t  v i r t u a l l y   t h e  same l e v e l ,   b e c a u s e  
they  are connected by the  broad  and  deep S t ra i t s  of  Mackinac. They are 
u s u a l l y   t r e a t e d  as one   l ake  i n  hydro log ic   and   hydrau l i c   cons ide ra t ions .  
The n a t u r a l   o u t l e t   f o r   t h e   d i s c h a r g e   f r o m   t h e s e   l a k e s  i s  th rough   t he   S t .  
Cla i r   River ,   Lake  S t .  Clair and   t he   De t ro i t   R ive r   i n to   Lake  Erie, which i s  
a p p r o x i m a t e l y   e i g h t   f e e t   l o w e r   t h a n   t h e   l e v e l  of Lakes  Michigan  and  Huron. 
The s l o p e s  of water s u r f a c e   p r o f i l e s   a l o n g   t h e  S t .  Clair a n d   D e t r o i t   R i v e r s  
are r e l a t i v e l y   u n i f o r m   a n d   t h e r e   a r e  no r a p i d s   o r   f a l l s .  The f low  out  of 
Lake  Huron i s  a f u n c t i o n  of t h e   l e v e l s  o f   bo th   l akes ,  i.e., t h e   l e v e l s  of 
Lake Erie have an  e f f e c t  on t h e   l e v e l s  of Lake  Huron.  Removal of sand  and 
grave l   for   commerc ia l   purposes ,   toge ther   wi th   d redging   to   increase   depths  
i n   n a v i g a t i o n   c h a n n e l s   i n   t h e s e   r i v e r s ,   h a s   i n c r e a s e d   t h e i r   d i s c h a r g e  
c a p a c i t y .  During the  l a s t  dredging  program i n  t h e  S t .  Clair River,  
excavated  material was placed a t  s t r a t e g i c   p o i n t s  i n  t h e   r i v e r   t o  
c o m p e n s a t e   p a r t i a l l y   f o r   t h e  water l e v e l   l o w e r i n g   e f f e c t s   c a u s e d  by t h e  
dredging.  Compensating  dikes were c o n s t r u c t e d   i n   t h e   l o w e r   D e t r o i t   R i v e r  
t o   o f f s e t ,   p a r t i a l l y ,   t h e   l o w e r i n g  of water l e v e l s   d u e   t o   p a s t   n a v i g a t i o n  
improvements. 

Water i s  diver ted  f rom  Lake  Yichigan a t  C h i c a g o ,   I l l i n o i s ,   i n t o   t h e  
X i s s i s s i p p i   R i v e r   b a s i n .   F u r t h e r   d e t a i l s   c o n c e r n i n g   t h e   h y d r a u l i c s  of t h e  
Lakes  Michigan-Huron  system are p r e s e n t e d   i n   S e c t i o n s  3 and 4. 

2.1.5  Lake Erie and  Niagara River 

The n a t u r a l   o u t l e t   f r o m   L a k e  Erie i s  th rough   t he   N iaga ra   R ive r   i n to  
Lake  Ontario,   which i s  a b o u t   3 2 6   f e e t   l o w e r   t h a n   t h e   l e v e l  of Lake Erie. 
A p p r o x i m a t e l y   3 1 0   f e e t   o f   t h e   d i f f e r e n c e   i n   e l e v a t i o n   o c c u r s   i n   t h e   r e a c h  
of the Niagara River extending  f rom  the  head of t h e  Cascades, upstream from 
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Niagara F a l l s ,  t o   t he   l ower   end  of t h e  Lower Rapids ,   s ix   and  one-half  miles 
downst ream  f rom  the   fa l l s ;   about   ha l f  of t h e   d i f f e r e n c e   o c c u r s   i n  a s h e e r  
drop a t  t h e   f a l l s   ( s e e   F i g u r e  2-2). 

Yater is  d ive r t ed   f rom  the   N iaga ra   R ive r   above   t he   f a l l s   fo r  power 
g e n e r a t i o n   ( d e t a i l s  of  hydro-power f a c i l i t i e s  are d e s c r i b e d   i n   S u b s e c t i o n  
2 . 3 . 3 ) .  -4 s t r u c t u r e ,   e x t e n d i n g   f r o m   t h e   C a n a d i a n   s h o r e l i n e   t o  
approximately  the  mid-point  of t he   N iaga ra   R ive r ,  assists i n  t h e  
apport ionment  of t h e   r l v e r ' s   f l o w   b e t w e e n   t h e  power gene ra t ion   i n t akes   and  
t h e   f a l l s  in accordance  with  the  Niagara  River   Treaty of 1950. This  
s t r u c t u r e ,   l o c a t e d   1 6  miles downstream of Lake Erie a t  a poin t   where   the  
r i v e r   l e v e l  i s  abou t   n ine   f ee t   l ower   t han   t he   l eve l   o f   Lake  Erie, cannot  be 
u s e d   t o   c o n t r o l   t h e   l e v e l  of Lake Erie. 

Water  from  Lake Erie a l s o  reaches   Lake   Ontar io  by way of the  Welland 
Canal  and DeCew Falls power p l a n t  t a i l race  ( see   Subsec t ion  4.4). Water i s  
a l so  d i v e r  Led from  the  Niagara  River  a t  Tonawanda, New York,  through  the 
New York State   Barge  Canal .   This  Elow i s  r e t u r n e d   t o   L a k e   O n t a r i o   v i a   t h e  
Oswego River ,   Genesee   River ,  Oak Orchard  Creek,  and  Eighteen Yile Creek. 

The  Niagara  River   Treaty of 1950  provides   that   "water  made a v a i l a b l e  
f o r  power purposes  by t h e   p r o v i s i o n s  of t h i s   t r e a t y   s h a l l  be   d iv ided  
equa l ly   be tween   t he   Un i t ed   S t a t e s  of America and  Canada." Not inc luded  as 
a p a r t  of t h e  water so a l l o c a t e d  by t h e   t r e a t y  are 5 ,000   c fs  of t h e  
d i v e r s i o n s   i n t o   t h e   b a s i n   t h r o u g h   t h e   O g o k i   a n d  Long Lac Divers ion  
p r o j e c t s .  The a l l o c a t i o n   t o  Canada of t h i s   d i v e r t e d  water a t  Niagara Fal ls  
was a u t h o r i z e d  i n  1940. T h i s   d i v e r s i o n  i s  u t i l i z e d  a t  the   Ontar io   Hydro  
DeCew Fal l s  p l an t   and  i s  p a r t  of the  Welland  Canal   divers ion  ment ioned i n  
the   p receding   paragraph .  

2.1.6 Lake  Ontario  and S t .  Lawrence River 

Lake Ontario, the  lowest in the  Great  Lakes chain, also  has   the 
smallest water s u r f a c e  area. S ince   1958,   wi th   the   comple t ion   of   the  
cont ro l   works  in t h e  S t .  Lawrence   River   for   the  Seaway and Power P r o j e c t ,  
the   ou t f lows   f rom  Lake   Ontar io   have   been   regula ted   ( see   F igure  2-2). 

From t h e   o u t l e t  of Lake  Ontario a t  Kings ton ,   On ta r io ,   t o   Fa the r   Po in t ,  
Quebec,  which  marks i t s  t r a n s i t i o n   t o   t h e   G u l f  of S t .  Lawrence,   the   St .  
Lawrence  River f a l l s   a p p r o x i m a t e l y   2 4 5  Eeet. Throughou t   t he   f i r s t   67  miles 
of i t s  l e n g t h ,   t h e   r i v e r  i s  c h a r a c t e r i z e d  by  numerous  rocky  islands  and 
reefs, and i s  commonly known as t h e  "Thousand  Is lands"  reach.   With  the 
c o n s t r u c t i o n  of t h e   S t .  T,awrence Seaway and Power P r o j e c t ,   t h e   p h y s i c a l  
f e a t u r e s  of t h e  S t .  Lawrence  River   fur ther   downstream were changed 
c o n s i d e r a b l y .  

S i t u a t e d   1 0 5  miles downstream  from  Lake  Ontario a t  Rarnha r t   I s l and ,  
New York, j u s t  west of Cornwall ,   Ontario,  are the  large  Moses-Saunders  
Powerhouses,   operated by t h e  Power A u t h o r i t y  of t h e  State  of New York  and 
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Onta r io   Hydro   r e spec t ive ly ,   wh ich   o rd ina r i ly   con t ro l   t he  S t .  Lawrence  River 
flow. A t  the   upstream  end of Barnha r t   I s l and  i s  t h e  Long S a u l t  Dam, which 
i s  used   to   pass   excess   f lows   dur ing   per iods  of h igh   suppl ies   o r   shut -down 
of the  powerhouse  turbines .  The man-made l a k e  formed by impounding  the 
r i v e r   b e h i n d   t h e s e   s t r u c t u r e s   h a s   b e e n  named Lake S t .  Lawrence. The 
f l u c t u a t i o n s   i n   l e v e l s  of t h i s   l a k e ,   w h i c h  are r e g u l a t e d  by t h e s e  
impounding   s t ruc tures ,   can   a l so   be   modera ted  by o p e r a t i o n  of t h e   I r o q u o i s  
Dam,  about  2 7  miles upstream. Below the   powerhouses ,   t he   r i ve r   d iv ides  
i n t o  two channels   around  Cornwall   Is land  and  then  widens  to   form  Lake S t .  
Franc is .  

Downstream  from  Cornwall   Is land,   the   r iver  l i es  e n t i r e l y   w i t h i n  
Canada. From Lake   S t .   F ranc i s ,   t he   r i ve r   f l ows   t o   Lake  S t .  Louis   through 
two channels ,   the   Beauharnois  Power and  Navigat ion  Canal   and  the  Coteau 
works  and  Cedars  Hydropower  developments.  Situated a t   t he   l ower   end  of t h e  
Beauharnois  Canal i s  Hydro Quebec's  Beauharnois  Powerhouse. From t h e  
o u t l e t  of Lake   S t .   Lou i s ,   t he   r i ve r   d rops   t h rough   t he   Lach ine   Rap ids   i n to  
t h e  La P ra i r i e   bas in   and   t hence   t h rough   t he   sho r t ,   swi f t - f lowing   s ec t ion  
near   Vic tor ia   Br idge   to   Mont rea l   Ffarbour ,  a t o t a l   d r o p  of about 50 feet .  
I n   t h e   1 6 9  miles of r iver   between  Montreal   and Quebec C i t y ,   t h e  € a l l  i s  
a b o u t   2 5   f e e t  a t  low t i d e .  The range  of t i d e  a t  Quebec C i t y  averages  about  
16 f e e t ,  bu t   t he   ex t r eme   h igh   sp r ing   t i des   can   exceed  2 1  feet .  The t i d a l  
e f f e c t   d i m i n i s h e s   u p s t r e a m   u n t i l   t h e   r a n g e  is only  about  1-1/2 f e e t  maximum 
a t   Tro is -Riv ieres ,   Quebec ,   and  1 / 2  f o o t  maximum a t  the  upper  end  of Lake 
S t .  Peter which i s  approximately 60 miles downstream  from  Montreal. Very 
small t i d a l   v a r i a t i o n s   h a v e   b e e n   d e t e c t e d   i n   M o n t r e a l   H a r b o u r .  Below 
Q u e b e c   C i t y ,   t h e   r i v e r   g r a d u a l l y   w i d e n s   i n t o   t h e  S t .  Lawrence  es tuary  and,  
f i n a l l y   t h e  Gulf  of S t .  Lawrence. The navigat ion  channel   between  Montreal  
and   Quebec   C i ty ,   r e f e r r ed   t o  as t h e  S t .  Lawrence  Ship  Channel,  has  an 
a d v e r t i s e d   d e p t h  of 35 f e e t  a t  low water datum.  Downstream  of  Quebec C i t y ,  
t h e   p r e s e n t   c o n t r o l l i n g   d e p t h  i s  41.0 f e e t  LNT (Lowest Normal Tide) .  

2.2 Env i ronmen ta l   Se t t i ng  

2.2.1  Geography 

The Great Lakes  and  their   connect ing  waters   occupy a d ra inage   bas in  of 
about  297,500  square miles, of which  59 per c e n t  i s  i n   t h e   U n i t e d   S t a t e s  
and 4 1  per c e n t   i n  Canada. C o l l e c t i v e l y ,   t h e   G r e a t   L a k e s   c o n s t i t u t e   t h e  
l a r g e s t   f r e s h w a t e r  body in   t he   wor ld   and   s e rve  as a v i t a l   n a t u r a l   r e s o u r c e  
o f   eve r - inc reas ing   impor t ance   t o   bo th   t he   Un i t ed  States  and  Canada.  Figure 
2-1 provides  a map of t he   bas in   and  I ts  major  component l akes   and  
connec t ing  waters. The  more i m p o r t a n t   p h y s i c a l   f e a t u r e s  of t h e   f i v e   G r e a t  
Lakes  and  Lake S t .  Clair are summarized i n   T a b l e  2-1. 

The bas in   can   be   d iv ided   i n to   t h ree   phys iog raph ic   r eg ions  -- t h e  
Laurent ian   Uplands ,   the   In te r ior   Lowlands ,   and   the   Appalachian   P la teau .  
The l a t t e r  i s  r e l a t i v e l y   i n s i g n i f i c a n t   i n   t h e   t o t a l   b a s i n   a s  i t  i n t r u d e s  
only   margina l ly  on t h e   s o u t h e r n   s h o r e s  of Lake Erie and  Lake  Ontario. The 
Laurentian  Uplands  encompass  Lake  Superior  and  the  area  north of t he   Nor th  
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Table 2-1 

PHYSICAL ASPECTS OF THE GREAT LAKES & LAKE ST. CLAIR 

Water World Drainage S h o r e l i n e  Maximum Mean Me an  Extreme  Range 
S u r f a c e (   1 )  Standing Basin(  1 ) L e n g t h ( l ) *  Depth(1)  Depth O u t f l o w s ( 3 )   F l u c t u a t i o n ( 2 )  

Lake  (mi2) i n  Area (mi2) ( m i  1 (ft.) ( f t .  1 ( c f s )   ( f t . 1  
( f r e s h w a t e r )  

S u p e r i o r  31,700 1 81,000 2,970 1,330 487 75,000  3.8 
Nichigan 22,300 6 67,900 1,640 923 276  51,000 5.7 
Huron 23,000 5 73,700 3,890 750 195  180,000 5.7 
Er ie  9,900 12  32,600 977 210 58  203,000 6.0 
O n t a r i o  7 ,300 14  30,740 71 2 802 283  238,000 6.6 
S t .   C l a i r  430 5,230 389 21 10  184,000 6.4 

94,630  291,170  10,578 
h, 
I 

‘From Coordinating  Committee on Great Lakes Basic Hydraul ic   and  Hydrologic  Data, “Coordinated Great Lakes   Phys ica l  
Data,” May 1977 

*Based upon  monthly mean e l e v a t i o n  a t  master gauge si tes (see  Table   3-4)  



Channel   and   the   nor theas te rn   shores   o f   Georg ian  Bay,  Lake  Huron. It is 
poor ly   d ra ined   and   cha rac t e r i zed  by low-lying swamps and   occas iona l   r anges  
of  exposed  bedrock h i l l s   s u c h  as t h e  La Cloche  Mountains   north of Georgian 
Bay. Land use  i s  l a r g e l y   f o r   t i m b e r   a n d   r e c r e a t i o n .  The I n t e r i o r  Lowlands 
i n c l u d e  a l l  of t h e   r e m a i n i n g   a r e a   i n   t h e   b a s i n   e x c e p t   f o r   t h e  small area of 
t he   Appa lach ian   P l a t eau   i n   t he   sou theas t .   Wi th   ma jo r   depos i t s  of g l a c i a l  
d r i f t   c o n s i s t i n g  of heterogeneous  mixtures  of s a n d ,   g r a v e l ,   b o u l d e r s ,  s i l t s  
and   c lays   occupying   mos t   o f   the  area, d r a i n a g e  i n  t h e   I n t e r i o r  Lowlands i s  
b e t t e r   t h a n   t h a t  of the   Laurent ian   Uplands .  The r e l i e f  of t h i s   a r e a  is  
f l a t   t o   g e n t l y   r o l l i n g .  Land u s e   i n   t h e   I n t e r i o r  Lowlands is more 
i n t e n s i f i e d   w i t h   a g r i c u l t u r a l ,   u r b a n   a n d   i n d u s t r i a l   d e v e l o p m e n t s  
predominating. 

Summaries  of s h o r e l i n e   l a n d   u s e   w i t h i n   t h e   U n i t e d   S t a t e s   a n d  Canada 
are p r e s e n t e d   i n   T a b l e s  2-2 and 2-3. 

2.2.2 Aquat ic   Resources  

2.2.2.1 F i s h  

Over t h e   p a s t   1 0 0   y e a r s ,   f i s h   s t o c k s  of t h e  Great Lakes  have 
undergone   cont inuing   and   increas ingly   rap id   changes .  The predominant 
f a c t o r s   c o n t r i b u t i n g   t o   t h e s e   c h a n g e s   h a v e   b e e n   i d e n t i f i e d  as i n t e n s i v e   a n d  
s e l e c t i v e   f i s h i n g   p r a c t i c e s ,   i n t r o d u c t i o n   o r   i n v a s i o n  of new spec ie s ,   and  
changes   in   the   phys ica l   and   chemica l   envi ronment  o€ t h e   l a k e s .  

Hubbs  and  Lagler, (1958)(8) p r o v i d e d   t h e   f i r s t   d e t a i l e d  
c h e c k l i s t  of t h e   f i s h   f a u n a  of t h e  Great Lakes  basin.  They recorded  173 
s p e c i e s   f r o m   2 9   f a m i l i e s   p r e s e n t   i n   t h e   s y s t e m .   S i n c e   t h e i r   p u b l i c a t i o n ,  
many changes  have  occurred;  new spec ies   have   appeared  whi le  o t h e r s   h a v e  
disappeared.   Table  2-4 shows t h e   r e l a t i v e   d i s t r i b u t i o n  of t h e  24 f a m i l i e s  
of f i s h e s   r e c o r d e d   t o   b e   p r e s e n t   i n   e a c h  of t h e   f i v e  Great Lakes. 

The  two lower   l akes ,   On ta r io   and  Erie, have  perhaps  experienced 
t h e   g r e a t e s t   e c o l o g i c a l   u p h e a v a l   w i t h i n   t h e   s y s t e m .  Lake Ontar io ,   which 
h a s   s u f f e r e d   l o n g e s t   f r o m   i n t e n s i v e   e x p l o i t a t i o n   a n d   e n v i r o n m e n t a l   c h a n g e s ,  
has the   l owes t   f i sh   p roduc t iv i ty   o f   any  of t h e   f i v e   l a k e s   a n d   n e a r l y  a l l  
s p e c i e s   t h a t  were a b u n d a n t   u n t i l   t h e   e a r l y  1900s have now become scarce. 
I n  Lake Erie n e a r l y  a l l  t h e  more va luab le   commerc ia l   and   r ec rea t iona l  
spec ie s   have   been   g rea t ly   r educed   o r  are d e c l i n i n g ;   y e t   t h i s   l a k e   c o n t i n u e s  
t o  dominate   the  Great Lakes  commercial f i s h   p r o d u c t i o n .  Less d e s i r a b l e  
s p e c i e s   s u c h  as ca rp ,   go ld f i sh ,   r a inbow smelt, and  sheepshead  have  begun t o  
a s s u m e   p r o m i n e n t   r o l e s   i n   t h e   l a k e ' s   f i s h  community.  However, in r e c e n t  
years, t h e   p o p u l a t i o n  of w a l l e y e   i n  Lake Erie has   appeared  to   rebound.  
T h i s ,   t o g e t h e r   w i t h   t h e  in tens ive  s t o c k i n g  of sa lmon  spec ies   has   spur red  
r enewed   spo r t   f i sh ing  interests.  

2-8 



Table 2-2 

UNITED STATES  SHORELINE LAND USE BY LAKE 

- P E R C E N T  I 
In l and  

___- 
T o t a l  Urban*  High Dens i ty  Low Dens i ty  

Lake  Length mile Water Wet land   Fores t   Brushland   Grass land   Bar ren   P lowed  Res ident ia l   Res ident ia l   Res ident ia l   Commerc ia l  

SUPERIORa 8 92 2.7 8.0 62.1 4.5 1.1 5.6 0.5  15.6 
MICHIGAN 1,400 

1.4  14.0 
0.9 5.9 35.8 8.0 5.6 1.3 5.6 36.9  7.1  25.3 

0.2 

580 HURON 3.7 7.5 31.6 9.6 4.1 0.0 7.4  36.2 
4.5 

ST. CLAIR~ 117 
9.0 27.0 

1.0 9.8  4.2 4.4 1.2 0.0 5.8 73.6 
0.2 

43 1 E R I E  
22.5 

0.4 6.7 10.6 
26.7 

9.0 
ONTARIOc 336 3.3 

21.7 
2.8 24.4 14.0  7.8  0.1 5.2 42.4 5.7 36.3  0.4 

12.7 
24.4 

4.8 1.0 9.7 57.8  23.4 

GREAT LAKES 
SYSTEM** 3,756 2 .o 6.8 28.1 8.2  4.1 1.3 5.7 43.8  11.8  24.5  7.5 

"" 

N 

rD a - I n c l u d e s   S t .  Marys R ive r  

b - I n c l u d e s   S t .  Clair R i v e r ,  Lake  St. Clair, and   De t ro i t   R ive r  

c - Inc ludes   N iaga ra   R ive r  

* - T o t a l  Urban R e s i d e n t i a l  i s  t h e   t o t a l  of H igh   Dens i ty   Res iden t i a l ,  Low Dens i ty   Res iden t i a l ,   and  Commercial  Classes. 

** - Excluding  St.   Lawrence  River  Basin 

Source:  Great Lakes  Basin  Commission, Summary of Ex i s t ing   and   P ro jec t ed  Land Use I n f o r m a t i o n   f o r   t h e  Great Lakes   Coas ta l   Count ies ,  
Con t rac t  #W74 R D V  78290  005 f o r  U.S. Army Corps of   Eng inee r s ,  November 1978.  



Table 2-3 

CANADIAN SHORELINE LAND USE BY LAKE 
( M i l e s )  

L. O n t a r i o  & S t .  Lawrence R. 2 
St.  Lawrence R. Cornwall-Trois- 1 

TY P e  Superior  Huron  St.  Clair' Erie To Cornwall ,  Ont . R i v i e r e s ,  Que. 1 

R e s i d e n t i a l  
Commercial 
I n d u s t r i a l  
A g r i c u l t u r a l  
Fores t  
Other 

to Recrea t ion  
( p r i v a t e )  

Recrea t ion  
( p u b l i c )  

I 
0 
F 

12 
106 

- 
1,250 - 

131 

244 
169 

2,169 

25 

- 
- 

525 

35 
4 

.6 
21 
12 

4 

14 

29 

164 
7 

.6 

56 
19 

a9 

62 

'SOURCE: Canada - O n t a r i o  Great Lakes  Shore Damage Survey 

2SOURCE: The S t .  Lawrence  Study  Committee 

269 
14 
20 

327 
90 
24 

1 

31 1 

32 0 
70* 
30 

210 
2 50 

*Figure i s  f o r  Roads 



Table 2-4 

FAMILIES OF FISH COMMON TO THE GREAT LAKES 

Family 

Common Name 

Lamprey 
Sturgeon 
Gar 
Bowfin 
Herr i n g  
Salmon 
Mooneye 
Mudminnow 
Pike  
Xinnow 
Sucker 
C a t f i s h  
Eel 
Livebear  er 
Cod 
S t i c k l e b a c k  
Trout-perch 
Pirate perch 
Temperate   bass  
S u n f i s h  
Perch 
Dr urn 
S c u l p i n  
S i l v e r s i d e  

S c i e n t i f i c  Name 

Petromyzontidae 
Acipenser idae  
L e p i s o s t e i d a e  
Ani i d a e  
Clupeidae 
Salmonidae 
Xiodont idae 
Umbr i d a e  
Esocidae 
Cypr i n i d a e  
Catostomidae 
I c t a l u r   i d a e  
A n g u i l l i d a e  
P o e c i l i i d a e  
Gadidae 
G a s t e r o s t e i d a e  
Percops idae  
Aphr edoder   idae 
Perc- ich thyidae  
Cent rarch idae  
Percidae 
Sciaenidae  
Cot t i d a e  
A t h e r i n i d a e  

Lake 

O n t a r i o  - Erie  Michigan  Huron  Superior 

4 3 4 4 3 
1 1 1 1 1 
1 2 2 2 
1 1 1 1 
3 1 1 

10 4 13 12  12 
1 
1 1 1 1 1 
4 3 3 3 2 

33 33  31 24  20 
9 1 4  13 a 5 
7 a 6 6 3 
1 1 
1 2 3 1 
1 1 1 1 1 
3 1 2 2 2 
1 1 1 1 1 
1 1 1 
1 1 1 1 1 
9 11 11 1 0  4 

12 17 13 14 7 
1 1 1 1 
4 4 4 4 4 
1 1 1 - 1  

Families 24 23 21 21 1 5  
S p e c i e s  111 113 114 99 67 
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Some of t h e  more s p e c t a c u l a r   d e c l i n e s   i n  Great L a k e s   f i s h   s t o c k s  
were t h e   e l i m i n a t i o n  of t h e   A t l a n t i c   s a l m o n   i n   L a k e   O n t a r i o   b e f o r e   t h e   t u r n  
of t h i s   c e n t u r y ,   t h e   i n t e n t i o n a l   o v e r f i s h i n g  of t h e   l a k e   s t u r g e o n ,   t h e  
c o l l a p s e  o f  t h e   w h i t e f i s h   p o p u l a t i o n   i n   t h e   L a k e   S t .  Clair area a n d   i n  
Green  Bay, t he   d i sappea rance  of l ake   t rou t   s tocks   f rom  Lakes   On ta r io ,  
Michigan ,   Huron ,   and   Super ior   in   the   1950s   and   1960s ,   the   deple t ion  of l a k e  
h e r r i n g   s t o c k s   i n   L a k e s   O n t a r i o   a n d  Erie and i n  Saginaw Bay and  Green  Bay, 
a n d   t h e   e l i m i n a t i o n  of some populations  of  chub i n  Lakes  Huron  and 
l l ichigan.  

Table  2-5, c o n s t r u c t e d   f r o m   d a t a   p r e s e n t e d  by Baldwin  and 
Saa l fe ld ,   (1962  wi th   1970  addenda) ( ' ) ,  is i n t e n d e d   t o   p r o v i d e  a c h r o n i c l e  
of t h e   c h a n g e s   t h a t   h a v e   o c c u r r e d   i n   t h e   c o m m e r c i a l   f i s h e r i e s  of each  of 
t he   f i ve   Grea t   Lakes .  They a l s o  show t h e   r e l a t i v e   c o n t r i b u t i o n   t o   t h e  
t o t a l  Great L a k e s   c a t c h   d u r i n g   t h e   s e l e c t e d   y e a r s .  

While some s t o c k s   d e c l i n e d ,   o t h e r s   f l o u r i s h e d ,   p a r t i c u l a r l y   t h o s e  
of t h e  less d e s i r a b l e   f o r e i g n   s p e c i e s   s u c h  as t h e   a l e w i f e ,  sea lamprey, 
rainbow smelt, and  white   perch.  

U n t i l   r e c e n t   y e a r s ,  Great Lakes  research  and  the  development  of 
f i s h e r y   r e s o u r c e s   h a v e   b e e n   d i r e c t e d ,   t o  a large  degree,   towards  commercial  
s p e c i e s ,   p a r t i c u l a r l y   t h o s e   f o u n d   i n   t h e   m i d - t o - d e e p  water p o r t i o n s   o f   t h e  
open  lakes.  However, i n   o r d e r   t o   d i r e c t   s p o r t   f i s h i n g   a c t i v i t y  away from 
ove rused   i n l and  waters, researchers   and   managers   gave  more a t t e n t i o n   t o   t h e  
p r o d u c t i v e   n e a r s h o r e   s p o r t   f i s h e r y  of t h e  Great Lakes   and   the   in t roduct ion  
o f   i n t e n s i v e   s t o c k i n g   p r o g r a m s ,   p a r t i c u l a r l y   t h o s e  of Pac i f i c   s a lmon ,  were 
s p e c t a c u l a r l y   s u c c e s s f u l .  

S e v e r a l  of t h e   d e s i r a b l e   i n t r o d u c t i o n s   t h a t   h a v e   h a d  a profound 
e f f e c t  on   t he  Great L a k e s   s p o r t   f i s h e r y   i n c l u d e   P a c i f i c   s a l m o n ,  
par t icular ly   coho,   chinook  and  kokanee;   splake;   and  brown,   brook,  
s t e e l h e a d ,   a n d   l a k e   t r o u t .  The r e t u r n s  of a l a t e  1960s  stocking  program by 
the  State  of Michigan  have been remarkab le -   In   t he  State 's  Lake  Michigan 
waters a l o n e ,  500,000 coho, 275,000 s t ee lhead ,   229 ,000   l ake   t rou t ,   and  
170,000  chinook  salmon were c a u g h t   i n  1970.  The  economic  importance t o  a 
l o c a l   a r e a  of  such a r e s o u r c e  i s  enormous .   S imi l a r   success fu l   r ecove r i e s  
of p lan ted   t rou t   and   sa lmon  have   been   recorded   in   Lakes   Ontar io ,  Erie, 
Huron,  and  Superior. 

It i s  g e n e r a l l y   r e c o g n i z e d   t h a t  s t a t i s t i c s  f o r   t h e  Great Lakes 
s p o r t   f i s h e r y ,   w i t h  few  except ions ,  are n o t  as r e l i a b l e  as or comparable t o  
t h o s e   c o l l e c t e d   f o r   t h e   c o m m e r c i a l   f i s h e r y ,   b u t  i t  i s  a l s o  well known t h a t  
i n  some l o c a t i o n s   t h e   h a r v e s t  of c e r t a i n   s p e c i e s  by a n g l e r s  i s  s i g n i f i c a n t .  
For  example, a l i m i t e d  creel census   conduc ted   i n   t he  Ray of   Quinte ,   Lake 
O n t a r i o  in t h e  l a t e  1950s -ea r ly   1960s ,   i ndka ted   t ha t   spo r t   E i she rmen  
recorded   about   32   percent  of t he   wa l l eye   ca t ch   compared   t o  68 p e r c e n t  by 
commercial  fishermen. The t o t a l   a n n u a l   w a l l e y e   h a r v e s t   i n   t h e  bay  ranged 
between  53,000  and  77,000 f i sh   pe r   yea r   du r ing   t he   f i ve -yea r   census .  The 
w a l l e y e   h a r v e s t   a l s o   p r o v i d e d   i n   e x c e s s  of 100,000 man-hours of r e c r e a t i o n  
for   spor t smen  each   year .  
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Table  2-5 

ORDER OF YIELD OF PRINCIPAL'  COMMERCIAL  SPECIES  CAUGHT  IN  THE  GREAT  LAKES IN SELECTED  YEARS  FROM  1908  TO  1977 

LAKE  ONTARIO 

Order  of 
Yield 

1 
2 
3 
4 

To  tal 
Yield 

5 3  

__ 1960 

L.whitefish 
Bullheads 
Carp 

1908 

L. herring*  (C) 
L.  whitef  ish 
Catfish 
Walleye(B) 
N. pike 

4,016 

1920 

L.whitefish*(C) 
L.  herring* 
L.  trout 
N. pike 

- 1930  1940 

L.herring *(C)  L. herring* (C) 
L  .whitefish  Carp 
L.  trout  L.whitefish 

2 
1950 

Catfish 
L.whitefish 

1970 

Y.  perch* 
W.  perch 
Carp 
Bullheads 

3,238 

Y.perch*** 
Smelt * 
Carp* 
Sheepsh. *' 
Wh. bass* 

41,320 

2 

Carp* 
L.whitefish* 
Y  .Perch 
Suckers 
Ch.catfish 

4,536 

Alewife *** 
Chubs* 
Coho* 
Smelt* 
Carp* 

53,090 

2 

L.herring2* 
Smelt* 
Chubs* 
L.whitefish 
L.  trout 

8,391 

1977 

Y  .perch 
W.perch 
Bullheads 
American  Eel 

2,668 

Smelt *** 2 
Y  .perch** 
Carp* 
Sheepsh. * 
Wh.bass* 

45,538 

L.whitefish* 
Carp 
Y .perch 
Chubs 
Ch.catfish 

5,955 

Alewife *** 
L.whitefish* 
Y  .perch 
Smelt 
Carp 

50,473 

2 

Smelt * 
L.herring* 
Chubs * 
L.whitefish 
L.  trout 

8,386 

5,318 4,703  4,381 

LAKE  ERIE 

B1. pike** B1. pike* 
Y. perch* L.whitefish* 
Sheepsh. * Y.  perch* 
L.whitefish* Walleye* 
Carp* Sheepsh. * 
42,264  32,711 

LAKE  HURON 

L.herring* L.  trout* 
L.  trout* L.herring* 
L.whitefish* Walleye* 
Suckers* Suckers" 
Walleye* L.whitefish* 

22,209  14,674 

LAKE  MICHIGAN 

L.herring* L.  trout* 
L.  trout* Smelt* 
L.whitefish* L.herring* 
Chubs* Y. perch* 
Suckers* Suckers* 

2,408 2,234 

L.herring*** 
B1. pike* 
Carp* 
Sauger* 
Y.  perch* 

49,044 

B1.  pike** 
Walleye* 
Y  .perch* 
Sheepsh. * 
L.whitefish* 

Y.  perch** 
Smelt ** 
Sheepsh. * 
Wh. bass* 
Carp* 

50,477 

1 
2 
3 
4 

5 3  To tal 
Yield 

L.herring** 
Carp* 
B1.  pike* 
N.Pike* 
Walleye" 

53,212 40,848 

L.herring(C)* 
L.  trout* 
L.whitefish* 
Suckers* 
Walleye* 

20,718 

1 
2 
3 

L.  trout* 
L.herring* 
L.  whitef  ish* 
Suckers* 
Carp* 

17,865 

L.whitefish* 
L.herring* 
Carp* 
Suckers 
Y. perch 

9,835 

Chubs* 
Carp* 
Y.  perch* 
L.whitefish* 
Suckers 

h, 4 
'", 
I 

To  tal 5 3  

Yield 10,251 

L.herring  (C)** L.trout* 
L.  trout* L.herring* 
Y.  perch* Chubs* 
L.whitefish* Y. perch* 
Suckers* L.whitefish 

2 
Chubs2** 
Y  .perch* 
Smelt * 
Alewife* 
Carp* 

24,311 

1 
2 
3 
4 

To  tal 
Yield 

5 3  

Chubs* 
L.herring* 
Smelt* 
L.whitefish* 
Y  .perch* 

47,356  19,999 26,962  22,601 

LAKE  SUPERIOR 

L.herring2** L.  herring2** 
L.  trout* L.  trout* 
L.whitefish L.  whitef  ish* 
Chubs Chubs 

27,078 

L.  herring*  L.herring2* 
L.  trout*  L.  trout* 
L.whitefish*  L.whitefish 
Chubs 
Suckers 

L.  herring2* 
L.  trout* 
L.whitefish* 

L.herring2** 
Chubs* 
Smelt 
L.  trout 
L.whitefish 

1 
2 
3 
4 

To  tal 
Yield 

5 3  

12,487  12,622 19,627  23,991 15,239 16,599 

'more than  250,000  lbs.  Catfish  includes  Bullheads,  Ch.catfish  does  not 
'landings  exceeded  more  than 50 percent of total  for  year  (C)Lake  Herring  includes  Chubs 
thousands  of  pounds  (B)Walleye  include  Blue  Pike 
*catch  more  than 1 million  lbs. 
**catch  more  than 10 million  lbs. 
***catch  more  than  20  million  lbs. 



Lake S t .  Clair, un l ike   mos t   o f   the   o ther  water b o d i e s   i n   t h e  
Great   Lakes  system,  has  a r e l a t i v e l y  good r e c o r d  of sportsman  use  and 
h a r v e s t .  The Michigan  Department  of  Natural   Resources  has  estimated  the 
s p o r t   c a t c h  of yellow  perch,  from U.S. Lake S t .  Clair waters a l o n e ,   d u r i n g  
a f ive-month   per iod ,   to  be almost  1,500,000 f i s h   a n d ,   d u r i n g  an a e r i a l  
c e n s u s ,   a s  many as 600 f i s h i n g   b o a t s  were coun ted   i n  a s ing le   day .  

Lake   Huron ,   before   the   co l lapse  of t h e   l a k e   t r o u t   s t o c k s  i n  t h e  
1950s,  suppor ted  a s i g n i f i c a n t   l a k e   t r o u t   s p o r t s   f i s h e r y ,   p a r t i c u l a r l y   i n  
southwestern  Georgian Bay a n d   t h e   o f f s h o r e  waters n o r t h  of Saginaw Bay. 
Ro th   a r ea   f i she r i e s   suppor t ed   cha r t e r   boa t   s e rv i ces   wh ich   con t r ibu ted  
cons ide rab ly   t o   t he   l oca l   economies .   The re  i s  s t i l l  a s u b s t a n t i a l   i n s h o r e  
f i she ry   fo r   ye l low  pe rch ,   wa l l eye ,   sma l lmou th   bas s ,   and   no r the rn   p ike   i n  
Lake Huron.  The e s t i m a t e d   r e c r e a t i o n a l   c a t c h  of yel low  perch  in   Saginaw 
Bay d u r i n g  1975, for   example,  was 4 3  t o n s ,   a b o u t   o n e   t h i r d  of t h e   t o t a l  
commerc ia l   perch   ca tch   for   tha t   year .  

It has   been  noted how t h e   s p o r t   f i s h e r y  of  Lake  Michigan  has 
s p e c t a c u l a r l y   r e b o u n d e d   w i t h   t h e   s u c c e s s f u l   i n t r o d u c t i o n  of Pac i f ic   sa lmon 
and several s p e c i e s  of t r o u t .  A s tudy   o f   wa l l eye   i n  northern Green Bay, 
Lake  Michigan, i n  t h e  1950s demonstrates  the  economic  importance of a 
s i n g l e   s p e c i e s   t o  a l o c a l  area. A s i n g l e   y e a r - c l a s s  of walleye,   produced 
i n  1943,  so e n c h a n c e d   t h e   t o t a l   f i s h e r y   t h a t   e x t e n s i v e   r e s o r t   f a c i l i t i e s  
were b u i l t   t o  accomrnodate t h e   g r e a t l y   i n c r e a s e d  numbers of a n g l e r s .  

Lake   Supe r io r ,   l i ke   Lake   Huron ,   has   h i s to r i ca l ly   suppor t ed  a 
c o m m e r c i a l   s p o r t   f i s h i n g   c h a r t e r  service. In t h e  1940s and 1950s v i r t u a l l y  
every  U.S. p o r t  on Lake   Super ior   had   commerc ia l   ou t f i t t e rs   supply ing  
accommodat ions   and   boa ts   to   spor t smen  want ing   to   t ro l l   fo r   l ake   t rou t .   In  
1950, i t  was e s t i m a t e d   t h a t  47 part- t ime  and 10 f u l l - t i m e   c h a r t e r   b o a t s  
were a v a i l a b l e   f o r   h i r e   i n   C a n a d i a n   p o r t s .   T h i s   l o c a l   b u t   s i g n i f i c a n t  
i n d u s t r y   c o l l a p s e d  i n  t h e  1950s w i t h   t h e   c o l l a p s e  of t h e   l a k e   t r o u t   s t o c k s .  

Al though  dras t ic   changes   have   occur red   dur ing   the   pas t  100 y e a r s ,  
t h e   f i s h e r y  of t h e  Great Lakes   sys tem,   bo th   commerc ia l   and   recrea t iona l ,  
r ema ins   an   impor t an t   con t r ibu to r   t o   t he  economy  of t h e   r e g i o n .  

2.2.2.2 Wet lands   and   Wi ld l i fe  

Most r e a c h e s  of t h e  Great Lakes   sho re l ines  are t o o   h a r s h   t o  
s u p p o r t  many p lan ts   o r   an imals . (6)   These  areas are under  continuous 
a s s a u l t   f r o m   h i g h  wave energy  which creates b a r r e n   s u b s t r a t e   t o   d e p t h s   o f  
10 t o  1 6  f e e t   a l o n g   t h e   o p e n   s h o r e l i n e  of a l l  t h e  Great Lakes.  However, 
t h r o u g h o u t   t h e   c o a s t l i n e ,   t h e r e   e x i s t  numerous small pocke t s   o f   na tu ra l ly  
p r o t e c t e d   h a b i t a t s .   T h e s e  areas are l i m i t e d   t o   s e v e n   p e r c e n t  of the, t o t a l  
sho re l ine ;   t hus ,   t he   impor t ance   and   va lue  of such   un ique   sho re l ine  
environments  i s  t r e m e n d o u s l y   s i g n i f i c a n t   f o r   t h i s   a q u a t i c   s y s t e m .  S i t e s  of 
t h i s  t y p e  are c o n s i d e r e d   t h e  "most v a l u a b l e   w i l d l i f e   h a b i t a t   f o u n d  on t h e  
Great Lakes. (10) 
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Throughout  the Great Lakes,   wet lands  occupy a v a r i e t y  o f   p l aces ;  
a long  open shores ,   i n   back -ba r r i e r   l agoons ,   r i ve r   de l t a s ,   r i ve r -bay   mou ths ,  
i so la ted   coves ,   and   sha l low  s lop ing   beaches .  A l l  have a number of f a c t o r s  
i n  common, i.e., low wave e n e r g i e s ,   g r a d u a l   b a t h y m e t r i c   s l o p e s ,   s h a l l o w  
Wate r ,   and   su i t ab le   subs t r a t e   s ed imen t s .   F igu re  2-3 d e p i c t s   d i f f e r e n t  
wetland  morphologies.  None of t h e   l a k e s   h a s  a s i n g l e ,   s p e c i f i c   w e t l a n d  
t y p e   a s s o c i a t e d   w i t h  i t ;  however, a uniform  wet land  type may occupy  severa l  
miles of a r e a c h ,  or  a number of t y p e s  may be  found i n   c l o s e   p r o x i m i t y   t o  
one  another .  

Major   wet land  complexes  exis t   throughout   the Great Lakes  and 
s e r v e   v a l u a b l e   f u n c t i o n s .  The main l o c a t i o n s   a r e   t h e  Bay of Quinte ,   Lake 
O n t a r i o ;  Long P o i n t ,  Rondeau Poin t ,   and   the   wes te rn   end  of Lake Erie; Lake 
S t .  Cla i r ;   Saginaw Bay, Lake  Huroq;  and  Green Bay, TAake Michigan.  Other 
small   pockets   of   wet lands are s c a t t e r e d   a l o n g   t h e   s h o r e l i n e   a n d   a r e   f a r   t o o  
numerous t o  l i s t .  These   a reas   suppor t   d€verse   lower   forms   of   f lo ra   and  
fauna  which are c r i t i c a l  t o   s u r v i v a l  of h igher   forms  of f i s h   a n d   w i l d l i f e  
i n   t h e   G r e a t  T,akes. 

The marshes,  swamps, and  bogs i n   t h i s   r e g i o n ,   w h i l e   n o t  as  
e x t e n s i v e   a s  ear l ie r  y e a r s ,  s t i l l  provide  good w i l d l i f e   h a b i t a t .  
Approximately  170,255 acres on t h e  U.S. s ide   and   98 ,435  acres on t h e  
Canadian  shores  Were c l a s s i f i e d  good w i l d l i f e   h a b € t a t   i n   1 9 7 3 ( 1 1 ) .  
IJateKfOWl, i nc lud ing   ducks ,   geese   and   sho reb i rds ,   r equ i r e   we t l ands   fo r  
b reed ing ,   f eed ing ,   r ea r ing   and   mig ra t ion  areas. Saginaw Bay, Lake S t .  
Clair   and  the  western  end  of   Lake Erie, l o c a t e d  a t  a j u n c t i o n  of  two major 
f lyways  in   North  America,  are well known c o n c e n t r a t i o n   a r e a s   f o r   m i g r a t i n g  
waterfowl.  The mig ran t s   s top  a t  t h e s e   l o c a t i o n s   t o  rest and  feed on t h e i r  
y e a r l y   t r a v e l s .  Tremendous  numbers of b i r d s   c o n g r e g a t e   d u e   t o   t h e  
p r o t e c t e d   e n v i r o n m e n t   a n d   a v a i l a b i l i t y  of food. Key foods   inc lude   wi ld  

s u h m e r z e d   a q u a t i c s   t h a t   p r o v i d e   h a b i t a t  For i n v e r t e b r a t e s .  

F i s h  are  a l s o   h e a v i l y   r e l i a n t  on wetlands.  Many impor tan t  
gameEish,   which  include  largemouth  bass ,   nor thern  pike  and  muskel lunge,  
r e q u i r e   w e t l a n d s   f o r   s u r v i v a l .  Some s p e c i e s  are even  dependent on 
spec ia l i zed   cond i t ions .   Fo r   example ,   no r the rn   p ike  (Esox l u c i u s )   a r e  
dependent on e a r l y   s p r i n g   f l o o d i n g  of sedge  or   shrub meadows for  spawning. 
Adults  feed and rest i n   f l o a t i n g ,  submerged  and  emergent  vegetation 
th roughou t   t he  warmer  months. L J u v e n i l e   f i s h   r e l y  on h e a v y   v e g e t a t i o n   f o r  
cover  and a l s o  feed  on t h e   i n v e r t e b r a t e   p o p u l a t i o n s   t h a t   i n h a b i t   t h e  
submerged  vegetat ton.  

- 

A v a r i e t y  of mammals are dependent upon o r   u t i l i z e   w e t l a n d s .  The 
p r i n c i p a l  mammal found in the   Grea t   Lakes   wet lands  i s  the  muskrat.   These 
a n i m a l s   p r e f e r   t o   f e e d  on c a t t a i l s ,   h u l l r u s h ,   a n d   b l u e - j o i n t  grass,  ( 3 )  
bllt   numerous  other  kinds of p l a n t s  are e a t e n  as  well. Muskrat   dens  are  
c o n s t r u c t e d   m o s t l y  of c a t t a i l s ,   b u t  may a l s o  be  dug i n  b a n k s ,   h i l l s i d e s ,  or 
d i k e s ,   s h o u l d   p r e f e r r e d   c o n d i t i o n s   n o t  exlst. 
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1. Open  Shoreline 

2. Unrestricted  Bay 
Ex. Green  Bay , Lake  Michigan 

beach 

3. Shallow  Sloping  Beach 
Ex. Sand  Point,   Saginaw  Bay 
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5. Restricted  Riverine 
Ex. Grand  River,  Michig 

- : _ *  
6. Lake-Connected  Inland 

4. River  Delta Ex. Rondeau  Pte. ,   Lake  Erie 
Ex. St. Clair  River 

i 
7. Isolated 

man-made 

Ex. Tobico Marsh, Saginaw  Bay Ex. Touissant  Marsh,  Lake  Erie 

Wetland Morphologies 
I I 
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Other mammals f r equen t ing   we t l and  areas a r e   r a c c o o n s ,   w h i t e  
t a i l e d   d e e r ,  weasels, beaver ,   red   fox ,   and  mink. Although  not   cont inuous 
u s e r s ,   t h e s e   a n i m a l s  may f e e d ,  rest and   b reed   w i th in   t hese  areas. Some 
animals  show a d e f i n i t e   p r e f e r e n c e   f o r   w e t l a n d   v e g e t a t i o n   a n d   t h u s  may f e e d  
i n   t h e s e  areas f r e q u e n t l y .  

W e t l a n d s   a n d   t h e   a s s o c i a t e d   f l o r a   a n d   f a u n a  are important   €or  
some commercial   ventures .   Hunt ing,   f ishing  and  t rapping are dependent on 
t h e   q u a l i t y ,   s i z e   a n d   a v a i l a b i l i t y  of t h e s e   a r e a s .  A r e c e n t   s t u d y   d o n e   f o r  
the  Michigan  Department of Na tu ra l   Resources (14)   r ev iews   t he   func t ions  
served  by we t l ands   and   a t t empt s   t o   quan t i fy   t he   economic   va lue   o f   t hese  
areas. Th i s   s tudy  of t h e   f i s h ,   w i l d l i f e ,   a n d   r e c r e a t i o n a l   r e s o u r c e   v a l u e s  
of  Michigan's 105,855 acres of c o a s t a l   w e t l a n d s ,   e s t a b l i s h e d  a u n i t   a c r e a g e  
v a l u e  of approximate ly  $490.00 o r  a t o t a l   v a l u e   o f  $51.8 m i l l i o n   ( T a b l e  
2-6). These   va lues  were ca l cu la t ed   u s ing   t he   economic   va lue  of t h e   f i s h ,  
w i ld l i f e ,   and   nonconsumpt ive   r ec rea t iona l   r e sources  as determined  from 
estimates of sport   and  commercial  harvests, ave rage   annua l   expend i tu re s  by 
p a r t i c i p a n t s   e n g a g e d   i n   f i s h i n g   a n d   h u n t i n g ,   a n d  on v a l u e   o f   r e c r e a t i o n a l  
days 

Table  2-6 

FISH, WILDLIFE AND RECREATIONAL VALUE OF MICHIGAN'S 
COASTAL WETLANDS, 1978(14) 

S p o r t   F i s h i n g  $286.00/acre/year 
Nonconsumptive  Recreation $138.24 
Waterfowl  Hunting $ 31.23 
Trapping   for   Furbearers  $ 30.44 
Commercial  Fishing $ 3.78 
Tot a1 $489.69 x 105,855 = $51.8 m i l l i o n  

2.2.2.3 Endangered  and  Threatened  Species 

C o n s i d e r a b l e   c o n c e r n   h a s   a r i s e n   i n   t h e  l a s t  few  years   over  
endangered   and   th rea tened   spec ies .  An o rgan i sm  tha t  i s  i n  danger of 
e x t i n c t i o n   t h r o u g h o u t  a l l  o r  a s i g n i f i c a n t   p o r t i o n  of i t s  range i s  
cons ide red   endange red ,   wh i l e   one   t ha t  i s  l i k e l y   t o  become endangered  within 
t h e   f o r e s e e a b l e   f u t u r e   t h r o u g h o u t  a l l  o r  a s i g n i f i c a n t   p o r t i o n  of i t s  range  
i s  cons ide red   t h rea t ened .  The Great L a k e s   c o a s t l i n e s   p r o v i d e   h a b i t a t   € o r  
e n d a n g e r e d   a n d   t h r e a t e n e d   s p e c i e s   t h a t  are d i s t i n c t i v e   f r o m   a n y   o t h e r s  on 
e a r t h .  

Both  Canada  and  the  United  States  a t  t h e   f e d e r a l   a n d  s ta te  o r  
p r o v i n c i a l   l e v e l s ,   h a v e   f o r m a l i z e d   s p e c i e s  l i s t s  and laws p r o t e c t i n g   t h e s e  
organisms.  Table 2-7 p r e s e n t s  a l i s t  of laws and   r e fe rences  on spec ie s   o f  
concern i n  the   Grea t   Lakes   r eg ion .   These   o rgan i sms   and   t he i r   hab i t a t  are 
t o   r e c e i v e   b a s i c   c o n s i d e r a t i o n  i n  a l l  p r o j e c t s   a c c o r d i n g   t o   t h e s e  
r e g u l a t i o n s .   T a b l e  2-8 p r e s e n t s  a l i s t  of endangered  and  threatened 
species i n  o r   n e a r   t h e  Great Lakes. 
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Table 2-7 

REFERENCES AND LAWS ON ENDANGERED AND THREATENED SPECIES 
FOR THE GREAT LAKES REGION 

NATIONAL 

Endangered  and  Threatened  Species Act of   1973  plus  Amendments of  1978 
(16   Un i t ed   S t a t e s  Code 1531-1543;  875 S ta t .   884)  

" L i s t  of Endangered  and  Threatened  Wildl i fe   and  Plants"   produced  under  
the   Endangered   Spec ies  Act a v a i l a b l e   i n  T i t l e  50 Code of Federa l  
Regula t ions  (CFR) Part 17. 

Endangered  Species  Act of  1971  (Canada) 

PROVINCIAL 

"The Rare Vascular   P lan ts   o f   Ontar io"  G.W. Argus  and Do J. White, 
Nat iona l  Museum of N a t u r a l   S c i e n c e s ,   J u n e  1977. 

STATE 

"Endangered ,   Ex t i rpa t ed ,   and   Ex t inc t   Wi ld l i f e  of New York S t a t e "  New 
York  Department of Environmental   Conservat ion.  May 1979. 

"Pennsylvania 's   Endangered  Fish,  Reptiles and  Amphibians"  Pennsylvania 
Fish  Commission,  Harrisburg,  PA. 

"Endangered  Wild  Animals i n  Ohio,"  Ohio  Department  of  Natural 
Resources ,   Div is ion  of W i l d l i f e ,   P u b l i c a t i o n  316. May 1976. 

"Michigan's  Endangered  and  Threatened  Species  Program,"  Michigan 
Department of Natural   Resources .   January 1980. 

"Non-game and  Endangered  Species   Conservat ion,  A Pre l iminary   Repor t ,  
1978"  Indiana  Department of Natura l   Resources .  

"Endangered  Animals in  Wisconsin",   Wisconsin  Department of N a t u r a l  
Resources ,   October   1975  ( revised May 1978). 
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Table 2-8 

SELECTED ENDANGERED AND THREATENED SPECIES THAT INHABIT OR FREQUENT 
THE COASTAL AREAS OF THE GREAT LAKES 

COMMON NAME 

MAMMALS 

Gray Wolf 
I n d i a n a  Bat 
Badger 

BIRDS 

American  Peregrine  Falcon 
Arctic Pe reg r ine   Fa lcon  
Pip ing   P lover  
Bald  Eagle 
Common Tern 
Osprey 
Double-Crested  Cormorant 
Marsh Hawk 
Casp ian   t e rn  

REPTILES 

I l l i n o i s  
Northern 

FISHES 

Mud T u r t l e  
Copperbel ly  

Northern Mad  om 
Si lver  Shiner  
Shor tnose   Cisco  
Blue  Pike 
S h o r t  Jaw Cisco 
Long Jaw Cisco 
Lake  Sturgeon 
S t r i p e d   S h i n e r  
Cisco  or   Lake  Herr ing 
Kiy i  
B l o a t e r  

MUSSELS 

White Cat’s Paw Pearly  Mussel  
No  Common Name L-isted 

, I, 11 

SCIENTIFIC NAME 

Canis   lupus  
M y o t i s   s o d a l i s  
Taxidea   t axus  

Fa lco   peregr inus   ana tum 
F a l c o   p e r e g r i n u s   t u n d r i u s  
Charadrius  melodus 
Ha l i aee tus   l eucocepha lus  
S te rna   h i rundo  
P a n d i o n   h a l i a e t u s  
P h a l a c r o c o r a x   a u r i t u s  
Circus cyaneus 
Hydroprogne  caspia  

Kinos t e rnon   f l avescens   spooner i  
N a t r i x   e r y t h r o g a s t e r   n e g l e c t a  

Noturns  s t igmosus 
No t rop i s   pho togen i s  
Coregonus   re ighard i  
S t izos ted ion   v i t reum  g laucum 
Coregonus   zen i th icus  
Coregonus  a lpenae 
Ac ipense r   fu lvescens  
Not ropis   c rysocepalus  
Coregonus a r t e d i i  
Coregonus k i y i  
Coregonus  hoyi 

E p i o b l a s m a   s u l c a t a   d e l i c a t a  
Simpsoniconcha  ambigua 
O b o v a r i a   l e i b i i  
Pleurobema clava 
E l l i p t i o   c o m p l a n a t u s  
C y c l o n a i a s   t u b e r c u l a t a  
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Table 2-8 (Continued) 

MUSSELS  (Cont.) 

No Common  Name  Listed 

SNAILS 

No Common  Name  Listed 

PLANTS 

American  Lotus 
Pitcher's Thistle 
Dwarf  Lake  Iris 
Houghton's  Goldenrod 
Lake Huron Tansy 
Monkey-flower 
Thickspike  Wheatgrass 
Butterwort 
Swamp  Rose-mallow 

Anodonta  subgibbosa 
Actinonaias  ellipsiformis 
Lampsilis  fasciola 
Dysnomia  triquetra 

Lymnaea  megasoma 
Pomatiopis  cincinnatiensis 

Nelumbo  lutea 
Cirsium  pitcheri 
- Iris  lacustris 
Solidago  houghtonii 

~ ~~ 

Tanacetum  huronense 
Mimulus  glabratus  var.  michiganensis 
Agropyron  dasystachyum 
Pinguicula  vulgaris 
Hibiscus  palustris 
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The v a r i e t y  of s h o r e l i n e   h a b i t a t  on the  Great Lakes a f f o r d s  a 
d i v e r s i t y  of niches.   Conditions  can  range from  completely  submerged t o  
severely  arid.  Organisms may r e q u i r e   t h e  submerged condi t ions  of t he  
l i t t o r a l  zone ,   s a tu ra t ed   so i l   cond i t ions  of wetland areas, or   the more a r i d  
conditions  encountered i n  dunes  or  bluffs. Beaman(2) r e p o r t s   t h a t  38 
percent  of the  ext inct ,   endangered  and  threatened species i n  Michigan 
presently  occupy,  or  have  occupied,  aquatic  or  wetland  habitat .  These same 
h a b i t a t  are common throughout   the  region,   so  similar high  percentages  can 
be  expected i n  o the r   l oca t ions  as well. 

Al though  coas ta l   habi ta t  accommodate severe   na tura l   d i s turbances ,  
they are unusual ly   sens i t ive   to   unnatura l   changes .  Man-made changes i n   t h e  
shorel ine  environment ,   such as f i l l i n g   o r   d r e d g i n g ,   i n t e r f e r e   w i t h   n a t u r a l  
h a b i t a t  dynamics. Natural   changes,   which  include  erosion by l a r g e  waves 
and f looding ,  create wide f l u c t u a t i o n s   i n   a v a i l a b l e   h a b i t a t .  Human 
in te r fe rence   wi th   these   f luc tua t ing   condi t ions   could   impact   wi th  a species 
i n  i t s  most vu lnerable  s ta te ,  even tua l ly   l ead ing   t o   ex t inc t ion   o r   s eve re  
l i m i t a t i o n .  

2.2.3 Coastal  Zone 

2.2.3.1 Shore l ine   Charac t e r i s t i c s  

The p h y s i c a l   c h a r a c t e r i s t i c s  of the   shores  of t h e  Great Lakes are 
t h e   r e s u l t  of development of t h e  Great Lakes  region  s ince  the  recession of 
t h e  las t  ice sheet .  They range from h igh   b lu f f s  of clay  and  sand,  shale 
and bed rock,  through  lower  rocky  shores  and  sandy  beaches,  to  low,  marshy 
clay  f la ts .   Except  where  bedrock i s  exposed or p ro tec t ive  works  have  been 
constructed,   the   glacial   overburden  compris ing  the  shores  of t h e  Great 
Lakes i s  s t i l l  vulnerable   to   shore  erosion.  The pr inc ipa l   causes  of 
e ros ion  and flooding  problems are the   fo rces  of na tu re  and the  
c h a r a c t e r i s t i c s  of t he   sho re l ine   sub jec t ed  t o  these  forces .  

The f i r s t  major  cause of the  problems - t he   fo rces  of na ture  - 
involves  storm-driven wave a c t i o n ,   l a k e   l e v e l   f l u c t u a t i o n s ,   f r o s t  and ice 
action,  underground water seepage  and  surface water runoff .  Major storms 
cause  the  largest   changes  to   shore morphology. The direct ion,   magni tude,  
and du ra t ion  of s torms,   together   with  the  fe tch  length,   determine wave 
he igh t s  and l i t t o r a l   c u r r e n t s .   P e r s i s t e n t   s t o r m s   c a n   b u i l d  waves up t o  
g rea t   he igh t s  and when superimposed upon h i g h   l a k e   l e v e l s   c o n t r i b u t e   t o  
major v a r i a t i o n s  i n  wave i n t e n s i t y .  

When h igh   l ake   l eve l s  are co inc ident   wi th   the   o ther   forces  of 
na ture   c i ted   here ,   they   can   grea t ly   magni fy   to ta l   e f fec ts .  Because of t h e  
l a r g e  s i z e  of t h e  Great Lakes  and  the  l imited amount of water the i r   ou t f low 
r ivers   can  discharge,   extremes of high  or low water  levels  and  f lows 
persist  f o r  a cons iderable  t i m e  a f t e r   t h e   f a c t o r s   t h a t   c a u s e d  them have 
changed. 
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Wave a c t i o n   w o r k s   d i r e c t l y  on a beach  or  a t  t h e   t o e  of a b l u f f ,  
e r o d i n g   c l a y ,  s i l t ,  sand   and   grave l .   This   e ros ion  i s  i n c r e a s e d  when l a k e  
l e v e l s   r i s e   b e c a u s e   t h e   b e a c h e s  are narrower  or  submerged,  and  the  waves 
a r e   a b l e   t o   a t t a c k   t h e   u n p r o t e c t e d   t o e  of t h e   b a n k s   o r   b l u f f s   d i r e c t l y .  
Thus, a wide  beach i s  the   bes t   p ro tec t ion   the   up land   shore   can   have   f rom 
wave a t t a c k .  

Seepage   of ten  comes through  sandy  layers   which   over l ie   an  
i m p e r v i o u s   c l a y   l a y e r   i n   g l a c i a l  till b l u f f s .  When groundwater  seeps  out 
of exposed   b lu f f s  of u n s t a b l e   o r   l o o s e  material, i t  causes   s lumping  and 
f u r t h e r  weakens t h e  material. T h i s   o f t e n   r e s u l t s   i n   l a r g e  sl ides.  
Sometimes  man-made  drainage  works in te r fe re   wi th   g roundwater .   Over land  
runoff  carries w i t h  i t  la rge   amounts  OF e r o d i b l e  material, p a r t i c u l a r l y  
where t h e r e  are b a r r e n ,   s t e e p l y - s l o p i n g   b l u f f s .  

One of t h e  most s e v e r e   t h r e a t s   t o   t h e   s h o r e  is e r o s i o n  by f r o s t  
and ice. I n   c e r t a i n  of t h e   f i n e l y - g r a i n e d   s i l t y   s o i l s   a l o n g   t h e   l a k e s ,  
a l t e r n a t e   f r e e z i n g   a n d   t h a w i n g   c a n  weaken t h e  s o i l  and  cause i t  t o   s l i d e .  
F ros t   and  ice  f o r m a t i o n   i n   f i s s u r e s  of c l a y s ,   g l a c i a l  t i l l s ,  o r   s h a l e  
b l u f f s  may c o n t r i b u t e   t o   t h e i r   e r o s i o n .   S h o r e  ice i s  another   cause  of  
damage when broken up and  dr iven  onto  the  beaches by on-shore  storms.  Lake 
bottom material may be   s coured   o r   s t ruc tu res  damaged.  However, shore  ice 
may a l s o   b e   o f   b e n e f i t  as i t  c a n   p r o t e c t   t h e   s h o r e   f r o m   e r o s i o n  by  VJinter 
storms. 

A second   ma jo r   f ac to r   i n f luenc ing   e ros ion  l i e s  i n   t h e  
c h a r a c t e r i s t i c s   o f   t h e   s h o r e l i n e  upon  which t h e   f o r c e s  of na ture   impact .  
The p r i n c i p a l   c h a r a c t e r i s t i c s   h e r e   i n c l u d e   t h e   o r i e n t a t i o n ,   r e s i l i e n c y ,   a n d  
man’s use of t h e   s h o r e l i n e .  

An unfavorab le   o r i en ta t ion   can   magn i fy   l ake   l eve l s   and  wave 
i n t e n s i t y .  Winds, p a r t i c u l a r l y  of s t o r m   v e l o c i t y ,   a n d   s h a r p   g r a d i e n t s   i n  
b a r o m e t r i c   p r e s s u r e s   o v e r   s h o r t   d i s t a n c e s   c a n   c a u s e   w i d e   f l u c t u a t i o n s   i n  
l a k e   l e v e l s .  When s h o r t - p e r i o d   f l u c t u a t i o n s  are superimposed on 
above-average   l eve ls ,   they  may cause   unusua l ly   h igh  water l eve l s .   H igh  
s torm levels st one end of a lake are accompanied by  lower levels  a t  t h e  
oppos i te   end .   Pronounced   f luc tua t ions   f rom  these   causes  are a l s o  
exper ienced  i n  bays   and   o ther   sha l low  por t ions   o f   each   lake .   Lake  Erie i s  
p a r t i c u l a r l y   v u l n e r a b l e   t o   t h e s e  phenomena. 

T h e   d u r a b i l i t y   o f   t h e   c o a s t l i n e   t o  water dynamics  depends  upon 
the   ma te r i a l   o f   wh ich   t he   sho re f ron t  is composed.  The rocky  shores  of  Lake 
Supe r io r ,   t he   s andy   beaches  of Lake   Mich igan ,   and   t he   s i l t y -c l ay   b lu f f s   a t  
Scarborough  (Ontar io)   on  Lake  Ontar io ,   for   example,  show a p r o g r e s s i v e l y  
d i m i n i s h i n g   r e s i l i e n c y   i n   t h e i r   a b i l i t y   t o   w i t h s t a n d  wave f o r c e s .  

Beaches are e n e r g y   d i s s i p a t o r s .   T h e i r   e f f i c i e n c y   i n   t h i s   r o l e  i s  
g r e a t l y   i n f l u e n c e d  by t h e i r   p r o f i l e .  The nearer   deep   water  is t o   t h e  
s h o r e ,   t h e   c l o s e r   l a r g e  waves  can  approach  before   their   energy  begins   to  
d i s s i p a t e   b e c a u s e  of bottom  drag  and wave breakup. The f l a t t e r   t h e  
g r a d i e n t ,   b o t h   o f f s h o r e   a n d  on the  beach  “run  up” area, the   longer   and  more 
g r a d u a l  is  t h i s  d i s s i p a t i o n .  A narrow, s t e e p  beach will be subject t o  much 
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g r e a t e r  wave f o r c e s   t h a n  a f l a t t e r  beach. An o f f shore   ba r ,   b reakwa te r   o r  
i s l a n d  w i l l  d i s s i p a t e   w a v e s ,   a f f o r d i n g   p r o t e c t i o n   w i t h i n   t h e  areas t h e y  
she1  te r  . 

Man’s use  of t h e   s h o r e l i n e  i s  more c o n c e n t r a t e d  i n  some a r e a s  
t h a n   i n   o t h e r s .  A most s i g n i f i c a n t   a s p e c t  of s h o r e l i n e   u s e  i s  t h e  amount 
of  shore   occupied  by r e c r e a t i o n a l ,   r e s i d e n t i a l ,   c o m m e r c i a l ,   a n d   i n d u s t r i a l  
developments  (urban  servi-ng).   For  example,  i n  t h e   s o u t h e r n   p a r t   o f   L a k e  
Xichigan 86 p e r c e n t  of t h e   s h o r e l i n e  i s  i n  t h e s e   s h o r e l i n e   c l a s s i f i c a t i o n  
ca tegor ies .   S i rn i la r   occupancy   percentages   ex is t  i n  t h e   v i c i n i t y   o f   D e t r o i t  
and on t h e   s h o r e l i n e  of Lake Erie. Even i n   t h e   r e l a t i v e l y   u n i n h a b i t e d  
s h o r e s  of Lake   Supe r io r ,   30   pe rcen t  of t h e   s h o r e l i n e  i s  d e d i c a t e d   t o   u r b a n  
uses .   Dur ing   the  las t  3 0   y e a r s ,   f o r e s t r y   a n d   a g r i c u l t u r a l   u s e s   o f  
s h o r e l i n e   l a n d s   h a v e   d e c l i n e d  as a r e s u l t  of t h e  demands  of an  expanding 
urban popula t ion .  

T a b l e s  2-9 and 2-10 s u m m a r i z e   t h e   s h o r e l i n e   c h a r a c t e r i s t i c s .  An 
a n a l y s i s  of t h e   d a t a   s u g g e s t s   t h e   f o l l o w i n g :   3 3   p e r c e n t   o f   t h e   t o t a l  
s h o r e l i n e   u s e  i s  r e s i d e n t i a l ;   t e n   p e r c e n t  i s  r e c r e a t i o n a l   ( p u b l i c ) ;   a n d  
s e v e n   p e r c e n t   c o m m e r c i a l - i n d u s t r i a l   a n d   i n s t i t u t i o n a l   ( p u b l i c   b u i l d i n g s ) ;  
t he   r ema in ing  50 p e r c e n t  i s  d e v o t e d   t o   a g r i c u l t u r e   a n d   f o r e s t r y   o r   r e m a i n s  
undeveloped.  Only 1 7  p e r c e n t  of t h e  Great Lakes   sho re l ine  i s  p u b l i c l y  
owned; t he   r ema inde r  (83 p e r c e n t )  is p r i v a t e .  One t h i r d  of t h e  Great Lakes 
s h o r e l i n e  i s  s u b j e c t   t o   s i g n i f i c a n t   e r o s i o n .  Over t h e  l a s t  125   yea r s ,   t he  
ave rage   annua l   e ros ion  ra te  i n  many l o c a t i o n s   h a s   v a r i e d   f r o m   o n e   t o   € i v e  
f e e t .  About  215 miles of s h o r e l i n e  i s  s u b j e c t   t o  c r i t i c a l  e r o s i o n ;  i.e., 
where   severe  l o s s  of   l and   has   c rea ted   economic   hardship ,  damage t o   p u b l i c  
u t i l i t i e s   o r   o t h e r w i s e   e n d a n g e r e d   t h e   p u b l i c   w e l l - b e i n g .  

2.2.3.2 Areas S u b j e c t   t o   E r o s i o n  

The U.S. Lake   Super ior   shore   has   loca l   e ros ion   problem areas a t  
W h i t e f i s h  Bay, Ontonagon  and Keweenaw Waterway,  Michigan,  and  Ashland, 
Wisconsig. The sandy   b lu€ f s  of t he   Whi t e f i sh  Bay area a t  t h e  east end  of 
L a k e   S u p e r i o r ,   a n d   t h e   r e d   c l a y   b l u f f s  a t  the   southwes tern   end  of t h e   l a k e  
s u s t a i n   s e v e r e   e r o s i o n  as a r e s u l t  of  wave a c t i o n   f r o m   h i g h   l a k e   l e v e l s .  
L i t t l e  e r o s i o n  damage OCCUKS t o   t he   Canad ian   sho re l ine   o f   Lake   Supe r io r  
because of i t s  gene ra l ly   h igh ,   rocky   na tu re .  

The U.S. shore l ine   o f   Lake  Huron south   o f   Por t   Aus t in ,   Michigan ,  
a s  well as t h e   s o u t h e r n   p o r t i o n  of t he   Canad ian   sho re l ine  are  s u b j e c t   t o  
e ros ion .  

Around  Lake  Michigan,  serious  erosion  occurs i n  a number of 
l o c a l i t i e s  as f o l l o w s :   t h e   W i s c o n s i n   s h o r e ,   i n   t h e   v i c i n i t y  of Two R i v e r s ,  
Manitowoc,  Racine  and  Kenosha;  the Illinois s h o r e ;   t h e   I n d i a n a   s h o r e ;   a n d  
t h e   e n t i r e  east s i d e  of the  Michigan  shore.  

S e r i o u s   e r o s i o n   o c c u r s   a l o n g   t h e   e n t i r e   C a n a d i a n   s h o r e l i n e  of 
Lake Erie, except  a t  t h e  east end  where  rock  outcroppings  occur   near   the 
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Table 2-9 

THE GREAT LAKES SHORELINE: DESCRIPTION, OWNEKSHIP AND USE, 1970 

Great Lakes   Shore l ine  

1. PHYSICAL CHARACTERISTICS 

With a beach  zone 
Without  a  beach  zone 

T o t a l  

2. USE - 
R e s i d e n t i a l  
Commercial 
Agricul tural   and  Undeveloped 
F o r e s t  
R e c r e a t i o n  
Pub l i c   Bu i ld ings  & Related  Lands 
F ish   and   Wi ld l i fe   Wet lands  

T o t a l  

3. OWNERSHIP 

Feder   a1 
Non-Federal   Public 
P r i v a t e  

T o t a l  

4. PROBLEM-IDENTIFICATION 

Non-Eroding 
S i g n i f i c a n t   E r o s i o n  

C r i t i c a l  
Non-cr i t i ca l  

S u b j e c t   t o   F l o o d i n g  
P r o t e c t e d  

T o t a l  

5. TOTAL SHORELINE MILEAGE 

(a)   Source:   Department  o€ t h e  Army, 

U n i t e d   S t a t e s   ( a >  
T o t a l  Miles 

2,107 
1,572 
3,679 

1,216 
189 
633 

1,159 
365 

60 
57 

3,679 

133 
517 

3,029 
3,679 

1,704 

214 
1,046 

335 
380 

3,679 

3,679 

Canada ( b )  
T o t a l  Miles 

5,306 
981 

6,287 

I ,  263 
329 
695 

3,396 
357 

99 
148 

6,287 

374 
2,378 

6,287 
3,535 

83  9 

320 
4,907 

72 
149 

6,287 

6,287 

Corps of Engineers ,   Nor th   Cent ra l  
D i v i s i o n ,  Great Lakes  Regional   Inventory  Report   Nat ional  
Shorel ine  Study,   August  1971; does   no t   i nc lude   i s l ands   and  
connec t ing   channels .  

(b)   Source :  1966 Field  Surveys,   Department  of P u b l i c  Works,  Canada, i n c l u d e s  
Canad ian   na t iona l   r each   t o   T ro i s -R iv ie re s .  
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Table 2-10 

COORDINATED ELEMENTS OF GREAT LAKES SHORELINE LENGTHS 

Shorel ine  Length  Components   in  Miles 
I n  Canada I n   U n i t e d   S t a t e s  

Main land   I s lands  Main land   I s lands  

Lake  Superior 

S t .  Marys River  

Lake  Michigan 

Lake  Huron 

S t .  Clair River  

Lake S t .  Clair 

De t ro i t   R ive r  

Lake Erie 

Niagara  River  

Lake   Ontar   io  

S t .  Lawrence  River 

Above I r o q u o i s  Dam 

Above  Power Dam 

TOTALS 

866 
66 

0 

1,270 

30 

71 

30 

368 
33 

334 

103 

150 

3,321 

To o b t a i n  a c o o r d i n a t e d   l e n g t h ,   a d d   t h e  
combinat ion of components and round  the  
example: The t o t a l   s h o r e l i n e   l e n g t h  of 

615 

63 

0 

1,720 

5 

43 

33 

29 

3 

50 

863 
29 

1,400 

580 

28 

59 

30 

43 1 
36 

300 

382 

89 

238 

257 
0 

84 

39 

43 

34 

28 

157  106  109 

188 151  164 - 
2,906  4,013  1,467 

t a b u l a t e d   v a l u e s  of t h e   d e s i r e d  
sum t h r e e   s i g n i f i c a n t   d i g i t s .  For 
the  Lake Huron  mainland  and  islands 

i s  580 + 257 + 1,270 + 1,720 =: 3,827, which when rounded  gives   3 ,830 miles. 

From Coordinating  Committee on Great   Lakes  Basic   Hydraul ic   and  Hydrologic  
Data, "Coordinated Great Lakes   Phys ica l  Data," May 1977. 
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wate r   l i ne .   A long   t he  U.S. shore  of  Lake Erie s e r i o u s   e r o s i o n   p r o b l e m s  
ex i s t ;   pa r t i cu la r ly   t he   a r ea   f rom  the   Mich igan-Ohio   boundary   t o   Marb lehead ,  
Ohio; i n   t h e   v i c i n i t y  of ’rIuron and  Cleveland,   Ohio  and  a long  the 
Pennsylvania   shore l ine   f rom  the   Ohio   border  up t o  and   inc luding   the   Prcsque  
Isle Peninsula.   Because of t h e   s t a b i l i t y  o f   t h e   h i g h   s h a l e   b l u f f s ,   e r o s i o n  
and   f looding   problems  a long  New York’s Erie c o a s t  are few. 

The U.S. sho re   o f   Lake   On ta r io ,   i n   t he   v i c in i ty   o f   Roches t e r ,  New 
York i s  s u b j e c t   t o   s e r i o u s   e r o s i o n   w i t h  more  moderate  but similar problems 
o c c u r r i n g   f r o m   t h e  mouth  of t h e   N i a g a r a   R i v e r   t o   t h e   v i c i n i t y  of Oswego, 
New York. The Canadian  shorel ine  and  the  St .   Lawrence  River   below 
Cornwa l l ,   On ta r io   a l so   expe r i ence   s eve re   e ros ion  damage. 

2 . 2 . 3 . 3  A r e a s   S u b j e c t   t o   I n u n d a t i o n  

Local   inundat ion   a long   the   shores   o f   the   Grea t   Lakes  i s  c o n f i n e d  
t o  low-lying areas o r  t o   t h e   l o w e r   r e a c h e s   o f   t r i b u t a r y  streams which are 
a f f e c t e d  by backwater f r o m   h i g h   l a k e   l e v e l s .  

The   Lake   Supe r io r   sho re l ine   i n   t he   Un i t ed  States h a s   l o c a l   f l o o d  
problem areas a t  Duluth,   Minnesota;   Superior   and  Ashland,   Wisconsin;   and 
s e v e r a l  smaller communities. The Canadian   shore   has   rugged ,   rocky   b luf fs  
o r   c l i f € s   a n d   s u s t a i n s   o n l y   m i n o r  damages  from  flooding. 

P r i n c i p a l  areas s u b j e c t   t o   i n u n d a t i o n  on Lake  Yichigan are  
loca ted   a long   t he   sho re   o f   Green  Bay and a t  Milwaukee,  Wisconsin, on t h e  
west s i d e  of t h e   l a k e .  Numerous s i tes  c o n t i g u o u s   t o   t h e  east s h o r e  are 
sub jec t   t o   f l ood ing   a l so ;   however ,   mos t  of t h e s e  areas are on l a k e s   i n l a n d  
f rom  the   Lake   Yichigan   shore l ine   p roper   bu t  are connec ted   t o  it by r i v e r s  
OK channels .  

On Lake  Huron,  the  Saginaw Bay area in   Mich igan  Ls t h e   o n l y   r e a c h  
s u b j e c t   t o   e x t e n s i v e   f l o o d i n g ,   a l t h o u g h   t h e r e  are  o t h e r  smaller s c a t t e r e d  
a r e a s   a f f e c t e d   a d v e r s e l y  by inunda t ion   du r ing   pe r iods   o f   h igh  water. The 
Canadian  shore of Lake Huron has   beaches  of varying  widths   backed  by  bluffs  
i n   t h e   s o u t h e r n   p o r t i o n   a n d   t h e   n o r t h e r n   p o r t i o n  is  predominantly  bedrock 
w i t h   s a n d   b e a c h e s   o c c u r i n g   i n   s c a t t e r e d   l o c a t i o n s .   T h e r e f o r e ,   t h e s e   a r e a s  
experience  only  minor  damage from  f looding.  

Most  of the   shore   o f   Lake   S t .  Clair, i n   b o t h   t h e   U n i t e d  States 
and  Canada, i s  s u b j e c t   t o   i n u n d a t i o n  a t  h i g h   l a k e  levels. 

The   wes te rn   shore  of Lake Erie, ex tending   f rom  the  mouth  of t h e  
Det ro i t   River   to   Toledo ,   Ohio ,   and   the   south   shore ,   ex tending   about  40 
miles east  from  Toledo, are p r i n c i p a l l y   l o w - l y i n g   l a n d   w i t h   a n   e l e v a t i o n  
only   s l igh t ly   above   average   l ake   l eve l .   Other   f lood-prone  areas i n   t h e  
LJnited States  e x i s t   a l o n g   t h e   s h o r e  of Sandusky Bay and   the  mouth  of t h e  
C h a g r i n   S i v e r   i n  Ohio.  The Canad ian   sho re l ine  of Lake Erie h a s   b l u f f s  
f r o n t e d  by marginal   sand  beaches  except  a t  t h r e e   p o i n t s :   P o i n t  Pelee, 
Point-aux-Pins  and Long Po in t ,   On ta r io ,   wh ich   sus t a in   f l ood ing  damage. I n  
t h e   e a s t e r n  end of the   l ake ,   f lood   problems  a re   minor   because   bedrock  i s  
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near  water l e v e l   a n d   t h e   s h o r e l i n e  i s  i r r e g u l a r ,   w i t h  bay  beaches  and  sand 
dunes   f ron t ing  a low  c l ay   p l a in .  

The p r i n c i p a l  areas s u b j e c t   t o   f l o o d i n g   a l o n g   t h e  U.S. shore   o f  
Lake  Ontar io  are l o c a t e d   i n   t h e   v i c i n t i y  of Rochester  and  Sodus Bay, New 
York.  The  more e x t e n s i v e  of t h e s e  two areas extends  f rom  Irondequoi t  Bay, 
which i s  f i v e  miles east o f   Roches t e r ,   t o  Wautoma Beach,  about 13 miles 
west of  Rochester,  New York.  The major   por t ion   o f   the   Canadian   shore l ine  
o f   Lake   On ta r io   cons i s t s  of narrow,   sand  and  gravel   beaches a t  t h e   t o e  of 
c l a y   o r   r o c k   b l u f f s   w h i c h  are n o t   s u b j e c t  t o  inunda t ion   excep t  a t  
B u r l i n g t o n  Bay, Presque Is le  Peninsula ,   and   Pr ince  Edward and  Frontenac 
Counties,   where  wide,   long,  sand  beaches are l o c a t e d .  

The s h o r e l i n e  of t h e   i n t e r n a t i o n a l   r e a c h  of the  St .   Lawrence 
River c o n s i s t s   m a i n l y  of narrow,  rocky  beaches  backed by low-lying river 
bank  topography  with  few  flooding  problems. The Canadian  reach  of   the 
r i v e r ,  as f a r  as Trois -Riv ieres ,   Quebec ,   has  many low-lying areas s u b j e c t  
t o   f l o o d i n g .  

2.2.4 Water Q u a l i t y  

The l a r g e   c o n c e n t r a t i o n s  o f   p e o p l e ,   i n d u s t r y   a n d   a g r i c u l t u r e   i n   t h e  
Great Lakes   bas in   have   c r ea t ed  water qua l i ty   p rob lems   wh ich   u rgen t ly  
r e q u i r e  U. S.-Canadian  solut ions.   Programs  to   reduce  pol lut ion  and  improve 
water q u a l i t y   i n   t h e  Great Lakes are  d i f f i c u l t   t o   d e s i g n   a n d   i m p l e m e n t  
b e c a u s e   t h e   l a k e s  are ex t r eme ly   l a rge   and   complex ,   r ece iv ing   po l lu t an t s  
from many d i f f e r e n t   s o u r c e s .  The Great L a k e s   b a s i n   a l s o   c o n t a i n s  many 
d i fEe ren t   gove rnmen ta l   j u r i sd i c t ions .   Because   t he  Great L a k e s   c o n s t i t u t e  a 
l a r g e   p a r t  of t he   i n t e rna t iona l   bo rde r   be tween   t he   Un i t ed  States and 
Canada, t h e  IJC has  become t h e  mechanism fo r   coope ra t ion   be tween   t he  two 
c o u n t r i e s   i n  matters r e l a t i n g   t o  Great Lakes water q u a l i t y .  The IJC's 
water q u a l i t y   r e s p o n s i b i l i t i e s   i n   t h e  Great Lakes stem f rom  the  1972 Great 
Lakes Water Quality  Agreement.  A new revised   agreement  was s igned  on 
November 22 ,   1978  which   reaf f i rms   bo th   count r ies '  commitment t o   r e s t o r e   a n d  
enhance   t he  water q u a l i t y  of t h e  Great Lakes. 

The IJC h a s   i d e n t i f i e d   t h e   c u r r e n t   m a j o r  water q u a l i t y   p r o b l e m s   i n   t h e  
Great Lakes   to   be   pers i s ten t   tox ic   chemica ls ,   h igh   phosphorus   inputs ,  
c o n t r i b u t i o n s   f r o m   a i r b o r n e   p o l l u t a n t s ,   a n d   d i s p o s a l  of municipal  and 
hazardous wastes. Other   concerns   inc lude  wastes f rom  wa te rc ra f t ,   r unof f  
f r o m   u r b a n   a n d   r u r a l   l a n d s ,   f e r t i l i z e r s   a n d   p e s t i c i d e s ,   d i s p o s a l  of dredged 
material and  thermal   discharges.  

The c o a s t a l  waters of t h e  Great L a k e s   g e n e r a l l y   e x h i b i t  good water 
q u a l i t y .  However, some l o c a l i z e d  areas are degraded   due   t o   t r i bu ta ry   o r  
p o i n t   s o u r c e s   o f   p o l l u t a n t s   s u c h  as n u t r i e n t s ,   b a c t e r i a ,   o r   s u s p e n d e d  
s o l i d s .  

2.2.4.1 Lake  Superior 

The q u a l i t y  of the  open waters of Lake   Super ior   genera l ly   exceeds  
t h a t   p r e s c r i b e d  i n  t h e  water q u a l i t y   o b j e c t i v e s   s t a t e d   i n   t h e   W a t e r   Q u a l i t y  
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Agreement of 1978  between  the  United  States  and  Canada.  Degraded water 
q u a l i t y   d o e s  exis t  i n  some near-shore areas as a r e s u l t  of po in t   sou rce  
d i s c h a r g e s ,   t r i b u t a r y   i n f l o w s   a n d   e r o s i o n .  The major   problem  areas  are 
Dulu th-Super ior   Harbor ,   S i lver  Bay, Thunder Bay, and   nea r   t he   e rod ib le ,  
r e d - c l a y   b l u f f s   a l o n g   t h e   s o u t h e r n   s h o r e  of t h e   l a k e .  

2.2.4.2 Lake  Huron 

Lake  Xuron  has shown r e c e n t   i m p r o v e n e n t s   ( i . e . ,   r e d u c t i o n s )   i n  
phosphorus  loading. The waters i n   t h e  main  body  of the   l ake   and   Georgian  
Bay are of good q u a l i t y ,   g e n e r a l l y   m e e t i n g   t h e   o b j e c t i v e s  of the  1978 Water 
Qualsty  Agreement.  However,  Saginaw Bay e x h i b i t s   h i g h   c o n c e n t r a t i o n s  of 
n u t r i e n t s ,   c o l i f o r m   b a c t e r i a ,   s u s p e n d e d   s o l i d s ,  PCBs, z inc,   and  biochemical  
oxygen demand (BOD) or ig ina t ing   f rom  the   Saginaw  River   sys tem.   Al though 
t h e   g e n e r a l   t r e n d  i s  toward water qua l i t y   improvemen t ,   i nc reased   po l lu t ion  
a n d   i n d u s t r i a l   a c t i v i t y   i n   t h e   b a s i n   c o u l d   a g g r a v a t e   t h e   c o n d i t i o n  of t h e  
bay i f   remedia l   p rograms do not  keep pace with  growth. 

2.2.4.3 Lake  Michigan 

I n t e n s i v e   s t u d i e s   c o n d u c t e d   d u r i n g  1976 and  1977  have  determined 
t h a t  Lake  Michigan is  s t i l l  i n   a n   o l i g o t r o p h i c  s t a t e  (IJC  Report ,  
1978> . (12 )   Dec l ines   i n   t o t a l   phosphorus   concen t r a t ions  were n o t e d   i n  
t h e   s o u t h e r n   b a s i n .   T h r e e   a r e a s   i d e n t i f i e d  as h a v i n g   s i g n i f i c a n t  water 
q u a l i t y   p r o b l e m s  are Green Ray,  Milwaukee  Iiarbor,  and  the  Indiana  Harbor 
Ship  Canal.  Although much remedia l  work has   been   accompl i shed   i n   t hese  
areas,  c e r t a i n  water q u a l i t y   s t a n d a r d s  are s t i l l  not   being met. 

2.2.4.4 Lake Erie 

Lake Erie i s  genera l ly   cons idered   eu t rophic ,   and   open- lake  
c o n c e n t r a t i o n s  of p h o s p h o r u s   h a v e   n o t   c h a n g e d   s i g n i f i c a n t l y   d e s p i t e   e f f o r t s  
t o   r e d u c e   t o t a l   p h o s p h o r u s   l o a d i n g .  Some a r e a s  of t he   deepe r  waters of 
Lake Erie o f t e n  become devoid o€ oxygen  during the summer months. T h i s  
r e s t r i c t s  t h e   h a b i t a t  of c o l d  water f i s h   w i t h i n   t h e   l a k e   a n d   p r o m o t e s  
n u t r i e n t   r e c y c l i n g .  

Discharges   o f   munic ipa l   and   indus t r ia l  wastes i n t o   t h e   D e t r o i t  
R ive r   ( and   u l t ima te ly   Lake   E r i e )   cause  water q u a l i t y   p r o b l e m s   a s s o c i a t e d  
w i t h   c o l i f o r m   b a c t e r i a ,   p h e n o l s ,   p h o s p h o r u s ,   a n d   t o t a l   d i s s o l v e d   s o l i d s .  
Many ha rbour   a r eas  are contaminated by a g r i c u l t u r a l ,   i n d u s t r i a l   a n d  
municipal   d ischarges.   Al though  watershed  remedial   programs are i n  
progress ,   p roblems s t i l l  exist  w i t h   r e s p e c t   t o  COlifOKlnS, o i l  and   grease ,  
n u t r i e n t s ,   i r o n ,   c o p p e r ,   l e a d  and z i n c   i n   t h e s e   n e a r - s h o r e  areas. 

2.2.4.5 Lake  Ontar io  

Lake  Ontar io  i s  also  showing some o f  t h e   s i g n s  of d e g r a d a t i o n  
e v i d e n t  i n  Lake Erie. The algae Cladophora  sp.   has become a nuisance  along 
the   sho re l ines   and   p rob lems   w i th   d i s so lved   oxygen ,   t o t a l   d i s so lved   so l id s ,  
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and   co l - i fo rm  bac te r i a   have   been   i den t i f i ed   i n   Hami l ton   and   Toron to  
Xarbours .   Al though  to ta l   phosphorus   l eve ls   have   dec l ined   s ince   1978,  
n i t rogen   1 -eve l s   have   con t inued   t o  increase. Sazardous  chemicals  a l so  
appea r   t o   be  a problem as t h e  U.S. EPA ( 1 9 8 0 )   i d e n t i f i e d  cadmium, copper ,  
PCBs, d i e l d r i n ,   a n d  DDT and i t s  m e t a b o l i t e s  as exceeding IJC w a t e r   q u a l i t y  
o b j e c t i v e s .  

2.2.4.6 St. Lawrence  Xiver 

The water q u a l i t y  of the  St .   Lawrence  River  i s  t y p i c a l  of t h e  
w a t e r   q u a l i t y  of ea s t e rn   Lake   On ta r io .  The l a r g e  volume of water flowing 
i n t o   t h e  S t .  Lawrence  River  from  Lake  Ontario assists i n   t h e   r a p i d  
a s s i m i l . a t i o n   a n d   d i l u t i o n  of was te   loadings .   Al though  the  Water of t h e   S t .  
Lawrence  Xiver   exhibi ts  a h igh   degree  of q u a l i t y ,   t h e r e  is  impai rment   in  
l ocs l i zed   a r eas .   Nu i sance   g rowths  of C ladophora   and   o the r   a t t ached   aqua t i c  
p l an t s   occu r   i n   t he   shaL low  wa te r s  a t  many l o c s t i o n s  i n  t h e   r i v e r .   A l o n g  
t h e  U.S. s h o r e l i n e ,   l o c a l -  areas oE water qual i ty   impai rment  lare encountered 
downstream  from a number  of mun ic ipa l i t i e s   and   i ndus t r i e s .   Compar i son  of 
da ta   co l lec ted   be tween  1973 and 1 3 7 7   i n d i c a t e s  no s i g n i f i c a n t   c h a n g e s   i n  
mean s u r f a c e  water c o n c e n t r a t i o n s  of t o t a l   p h o s p h o r u s   i n   t h e   r i v e r .  
C h l o r i d e   c o n c e n t r a t i o n s   i n   t h e  S t .  Lawrence i n  1977 were 26 t o  28  mg/l  and 
have  not   changed  s ince 1969. 

3 . 3  Development  and Economy 

2.3.1  Socio-Economic P a t t e r n s  

The phys ica l   envi ronment  of t he   Grea t   Lakes   bas in   has   exe r t ed  a s t r o n g  
i n f l u e n c e   o v e r   p o p u l a t i o n   d i s t r i b u t i o n   a n d   t y p e s  of economic a c t i v i t y  i n  
t h e   b a s i n .  From t h e   e a r l i e s t  times f i s h ,   f u r s ,   f o r e s t s ,   a n d   f e r t i l e   l a n d s  
a t t r a c t e d  set t lers  who b u i l t  towns   a long   the   shore l ines   and   used   the  Great 
L a k e s   t o   t r a n s p o r t   t h e i r   h a r v e s t s   t o   o t h e r   p a r t s  o f  t he   na t ion .   N ine teen th  
cen tu ry   l ogge r s   chopped   t he i r  way t h r o u g h   v i r g i n   t i m b e r ,   f l o a t i n g   t h e i r  
l o g s   t o  boon  towns along the   shores .   Logging   and   f i sh ing  were soon 
r e p l a c e d  by manufac tu r ing   i ndus t r i e s   wh ich   concen t r a t ed   a long   t he   sho re l ine  
t o   u s e   t h e   l a k e  waters fo r   sh ipp ing   and   p rocess ing .  A s  t he   au tomobi l e  
i n d u s t r y   f l o u r i s h e d ,   w o r k e r s   t r a v e l l e d  away from c i t i e s  t o   v a c a t i o n  a t  
beaches   and   r e so r t s  on the  lakes .   Improved  roads  and  f reeways  shortened 
t r a v e l  ttme b e t w e e n   i n d u s t r i a l i z e d  c i t ies  and  the  shore,   making i t  p o s s i b l e  
f o r  more p e o p l e   t o  enjoy seasonal   o r   permanent   res idences  on t h e  Great 
Lakes.   Lands  along  the Great L a k e s   c o n t i n u e   t o   s u p p o r t   i n d u s t r y ,  
r e c r e a t i o n ,   r e s i d e n t i a l   a r e a s ,   f o r e s t s ,   f a r m s   a n d   o r c h a r d s ,   e n e r g y   a n d  
m i n i n g   f a c i l i t i e s .   W a t e r s   a s s o c i a t e d   w i t h   t h e s e   l a n d s   s u p p o r t   c o m m e r c i a l  
n a v i g a t i o n ,   f i s h e r i e s ,   r e c r e a t i o n a l   b o a t i n g   a n d  waste a s s i r n i l s t i o n ,   a n d  
p r o v i d e   i n d u s t r i a l   a n d   p u b l i c  water s u p p l i e s .  

The  opening of t h e  Erie Canal   in   1825,   the   Wel land   Canal  i n  1829  and 
the  locks  a t  Sault Ste.  Marie in t h e  1850s we-re important  events in t h e  
economic  development of t h e  Great Lakes  basin.  The opening  of   the S t .  
Lawrence Seaway i n  1959  provided a route   for   ocean-going  vessels t o  
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r e a c h   i n t o   t h e   h e a r t  of North America and   enabled   the  Great Lakes   t o  become 
a n   i n t e r n a t i o n a l   s h i p p i n g   r o u t e .  

Socio-economic  pat terns  in t he   Grea t   Lakes   bas in  are a f f e c t e d  by t h e  
i n t e r r e l a t e d   a s p e c t s  of   popula t ion ,   resources   and   the  economy. These 
a s p e c t s  are d i s c u s s e d   b r i e f l y  i n  the   fo l lowing   paragraphs :  

2.3.1.1 Popula t ion  

The major   met ropol i tan  areas of t h e   b a s i n   ( F i g u r e  2-4)  have 
d e v e l o p e d   i n   a r e a s   t h a t  are s e n s i t i v e   t o  man-made changes. They i n c l u d e  
s h e l t e r e d   b a y s   s u c h  as Saginaw Bay on Lake Huron and  Burl ington Bay on Lake 
O n t a r i o ,   i n t e r - c o n n e c t i n g  waters such as Lake S t .  Clair a n d   t h e   D e t r o i t  
River ,   and  the  mouths of r i v e r s   s u c h  as t h e  Maumee R i v e r  which  f lows  into 
Lake Erie. The e s t a b l i s h m e n t   o f   t h e s e   m e t r o p o l i t a n  areas has   been 
i n f l u e n c e d  by t h e   p r o v i s i o n  of she l t e red   ha rbour s ,   t he   compara t ive  ease of 
sh ipp ing   bu lk  materials by w a t e r b o r n e   t r a n s p o r t ,   t h e   a v a i l a b i l i t y  of raw 
materials and  an  abundant water supply  for   manufactur ing.  

Demographica l ly ,   the  Great Lakes   bas in   suppor ts   about  36,000,000 
people   (one   th i rd   o f   Canada ' s   popula t ion   and   one   seventh  of t he   popu la t ion  
in t h e   U n i t e d   S t a t e s ) .  The b a s i n   g e n e r a t e s   o n e   t h i r d  of Canada ' s   na t iona l  
income  and  one s i x t h  of t h a t  of t h e   U n i t e d   S t a t e s .  It i s  t h e   c e n t e r   o f  
heavy  indus t ry   in   Nor th   Amer ica .  

Popu la t ion   g rowth   i n   t he   Lake   Supe r io r   bas in   has   been   s low,  
i n c r e a s i n g  from  about  400,000 i n  1900 t o  660,000 i n  1975.  The  Lake 
Michigan   bas in   popula t ion   has   increased  more than   th reefo ld   f rom  about   four  
m i l l l o n   i n  1930 t o  14.2  mi1.lion i n  1975. The p o p u l a t i o n  of the  Lake  Huron 
bas in ,   a l though  growing  a t  a ra te  c o m p a r a b l e   t o   o t h e r   r e g i o n s ,   p a r t i c u l a r l y  
i n  Canada ,   has   remained   re la t ive ly  small, inc reas ing   f rom 414,000 i n  1900 
t o   a b o u t  1.9 m l l l i o n   i n  1375.  Most  of t h e  U.S. popula t ion   expans ion  in t h e  
Lake  Huron  basin  has   occurred  in   the  Saginaw  River   drainage area. The Lake 
Er i e  bas in ,   the   mos t   dense ly   popula ted   bas in ,   has  shown g rea t   popu la t ion  
growth since 1900 when a b o u t   t h r e e  million people  were enumerated. The 
1975  popula t ion  was more than   13 .2   mi l l ion .  The  Lake  Ontario  basin,   which 
was s e t t l e d  ear l ier  t h a n   t h e   o t h e r   f o u r ,   h a d  a p o p u l a t i o n  of about  1.4 
m i l l i o n   i n  1900  and 4.3 m i l l i o n   i n  1975. 

2.3.1.2 Resources  

The Great Lakes  basin i s  r i c h  i n  r enewab le   na tu ra l   r e sources   and  
r e c r e a t i o n a l   o p p o r t u n i t i e s ,  as well as non-renewable  mineral   resources ,  a l l  
of which make a n   i m p o r t a n t   c o n t r i b u t i o n   t o   t h e   b a s i n ' s  economy. 

The Great Lakes   bas in   i nc ludes  a w i d e   v a r i e t y   o f   a g r i c u l t u r a l  
a c t i v i t i e s ,   i n c l u d i n g   d a i r y i n g ,   l i v e s t o c k   p r o d u c t i o n   a n d   g r a i n ,   t o b a c c o ,  
v e g e t a b l e   a n d   f r u i t   f a r m i n g .   A g r i c u l t u r a l   l a n d s   a r e   f o u n d   p r i m a r i l y   i n  
eas te rn   Wiscons in ,   nor thern   Ind iana ,   nor thern   Ohio ,   southern   Michigan ,   and  
southern   Ontar io .  The f a rms   i n   t he   bas in   p roduce   s even   pe rcen t  of a l l  U.S. 
farm output  and 25  p e r c e n t  of Canada's farm output .  
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There are 59,000 s q u a r e  miles of commerc ia l   fores t   in   the   Uni ted  
S t a t e s   p o r t i o n  of t he   bas in   and   ove r  70,000 square  miles in   t he   Canad ian  
po r t ion .   P roduc t ion  of pulpwood, saw logs ,   venee r   l ogs ,   and   mi sce l l aneous  
i n d u s t r i a l   t i m b e r   p r o d u c t s  is  s u b s t a n t i a l .  

Commerc ia l   and   spo r t   f i sh ing   i n   t he  Great Lakes are b o t h  
i m p o r t a n t   a c t i v i t i e s   i n   t h e   b a s i n ;   h o w e v e r ,   t h e   r e l a t i v e   a n n u a l  
c o n t r i b u t i o n  of c o m m e r c i a l   f i s h i n g   t o   t h e   b a s i n ' s  economy h a s   d e c l i n e d   i n  
t h e  l a s t  s e v e r a l   d e c a d e s ,   d u e   t o   t h e   d e c l i n e  of f i s h   s t o c k s   p r e f e r r e d   f o r  
human consumption. 

M i n e r a l   p r o d u c t i o n   i n   t h e   w e s t e r n  Great Lakes  region  produces 
about  two t h i r d s  of t h e  U.S. o u t p u t  of i r o n   o r e   a n d   o n e   t w e n t i e t h  of i t s  
domest ic   copper   output .  The L a u r e n t i a n   S h i e l d   n o r t h  of Lake  Huron  provides 
r i c h   l o d e s  of n icke l ,   copper ,   and   uran ium  for   Canada ' s   minera l   p roduct ion .  
S igni f icant   amounts  of c rushed   l imes tone ,   cement ,   c lay   and   grave l  
a g g r e g a t e s  are produced i n   t h e   b a s i n   a n d   t r a n s p o r t e d   v i a   t h e  Great Lakes 
w a t e r w a y .   N a t u r a l   g a s   r e s e r v e s   a l s o   e x i s t   i n   t h e   b a s i n ,   e s p e c i a l l y   i n   t h e  
Lake Erie reg ion .  The importance of t h e s e   r e s e r v e s  w i l l  undoubtedly grow 
as wor ld   ene rgy   supp l i e s   dec l ine .  

2.3.1.3 Economy 

The  economy  of t h e  Great Lakes  basin i s  b a s i c a l l y   i n d u s t r i a l .  
I n d u s t r i e s   i n   t h e   b a s i n   u t i l i z e   t h e   t r a n s p o r t a t i o n   a n d  power advantages 
o f f e r e d  by t h e  Great Lakes-St.  Lawrence  River system. Other  important 
e lements  of t h e   b a s i n  economy are a g r i c u l t u r e ,   m i n i n g ,   f o r e s t r y   p r o d u c t i o n ,  
commerc ia l   f i sh ing ,   t ou r i sm,  commerce and  f inance.  

Because   the  U.S. p o r t i o n  of t h e   b a s i n   h a s  a l a rge r   popu la t ion   and  
a f a r   g r e a t e r   l e v e l  of development, it i s  understandable   that   economic 
a c t i v i t y  on t h e  U.S. s i d e  would  have a g r e a t e r   m o n e t a r y   v a l u e   t h a n   t h a t   i n  
Canada .   Neve r the l e s s ,   t he   l eve l s  of popu la t ion ,   i ndus t r i a l   deve lopmen t   and  
a g r i c u l t u r a l   p r o d u c t i o n   i n   t h e   b a s i n   i n  Canada make t h i s   r e l a t i v e l y  small 
p a r t  of  Canada t h e  most   impor tan t   cont r ibu tor   to   Canada ' s  economy. In  
1974,  t h e  la tes t  y e a r   f i n a l  s ta t is t ics  are a v a i l a b l e ,   a b o u t  51 percent   of  
t h e   t o t a l   v a l u e  of shipments by the   Canadian   manufac tur ing   sec tor  was 
accoun ted   fo r  by Ontar io-based   indus t ry .  The b a s i n  is  the   p r imary   focus  of 
t h e   i r o n   a n d  s teel  i n d u s t r y  in North America, accoun t ing   fo r  40 p e r c e n t  of 
t h e  U.S. p roduct ion   and  80 percent   of   the   Canadian  output .   There are a l s o  
h i g h   n a t i o n a l   p r o p o r t i o n s  of o t h e r   i n d u s t r i e s   i n   t h e   b a s i n ,   i n c l u d i n g  
chemica l ,   pe t ro leum  re f in ing ,   food   products ,   paper   p roducts ,   machinery ,  
t r a n s p o r t a t i o n   e q u i p m e n t ,   f a b r i c a t e d  metal products  and  waterborne 
t ransportat ion.   Four   major   commodit ies  - i ron   o re ,   coa l ,   c rushed   l imes tone  
a n d   g r a i n  - are d i s t r i b u t e d   t h r o u g h   t h e  Great Lakes-St.  Lawrence Seaway 
f r o m   p o r t s   a s s o c i a t e d   w i t h   m a j o r   s h o r e l i n e  c i t i e s  and,  more r e c e n t l y ,   t h e  
t ranssh ipment  of wes te rn   coa l   t h rough   t he   l akehead   po r t s  on Lake  Superior.  
These items accoun t   fo r  85 p e r c e n t  of t h e   w a t e r b o r n e   t r a f f i c ,   t h e   b a l a n c e  
c o n s i s t i n g  of petroleum  products ,  cement, chemicals   and  general   cargo.  
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A l t h o u g h   t h e   O n t a r i o   p o r t i o n  of t h e  Great L a k e s   b a s i n ,   i n  
pa r t i cu la r ,   has   expe r i enced   g rowth  a t  o r   above   na t iona l  rates,  t h e  U.S. 
bas in ' s   g rowth  ra te  has   been   be low  the   na t iona l   ave rage   i n   t he   pas t  25 
years .   Because   the   reg ion   has  a l a r g e  number of the  s lower  growth 
i n d u s t r i e s ,   t h e   p r o j e c t e d  ra te  of growth i s  lower   than   the  U.S. economy as 
a who le ,   and   r e l a t ive ly   l ower   t han   t ha t   fo r   On ta r io .  

F i n a l l y ,   t h e  economy of t h e   b a s i n  is  i n f l u e n c e d  by a n   e x t e n s i v e  
r e c r e a t i o n   a n d   t o u r i s m   i n d u s t r y .  The v a l u e  of t o u r i s m   i n   t h e  U.S. p o r t i o n  
of t h e  Great Lakes   bas in   has   been   es t imated  a t  $300 m i l l i o n   a n n u a l l y .  
C a n a d i a n   f i g u r e s   i n d i c a t e   t h a t   i n t e r n a t i o n a l   t o u r i s m   e x p e n d i t u r e s   i n   t h e  
Great L a k e s   b a s i n   t o t a l l e d   o v e r   $ 5 0 0   m i l l i o n   i n  1971.  The va lue   o f  
Canad ian   i n l and   wa te r s   i n  a l l  a s p e c t s  of w a t e r b a s e d   r e c r e a t i o n  was about 
$1.5 b i l l i o n   i n  1972  and i s  i n c r e a s i n g   a n n u a l l y  a t  a 16  percent  growth 
r a t e ,  w i t h  a major part a s c r i b e d   t o   t h e  Great Lakes  and i t s  t r i b u t a r y  
a r e a s .  

2.3.2 T r a n s p o r t a t i o n  

Shipping   on   the  Great Lakes  began i n  1679 when L a S a l l e ' s   v e s s e l ,   t h e  
Gr i f f in ,   embarked   i n to   Lake  Erie  and was l o s t  on i t s  maiden  voyage a month 
l a t e r  i n  Green Bay, Lake  Michigan. By t h e  mid-1700s v a r i o u s   B r i t i s h  
s a i l i n g   s h i p s   h a d  begun  opera t ions  on Lake Erie, and  American  ships  on  Lake 
Ontar io .   These   vesse ls  were wooden, sail-powered  schooners or b r i g s .  
Around  1815-1818, steam powered v e s s e l s  were introduced.   With  the 
complet ion of t h e  Erie Canal i n  1825  and  Welland  Canal i n  1829,   the Great 
Lakes   sh ipping  boom began.  During  the 1830s t h e   m a j o r   v e s s e l s  were sa i l  or 
steam-powered; by the  1850s  coal-burning,   s team-powered  vessels  were used 
ex tens ive ly   for   commerc ia l   sh ipping .   Today ,   near ly  a l l  Great Lakes   ves se l s  
are powered by f u e l   o i l .  

The b a s i n   o c c u p i e s  a l o c a t i o n   s t r a t e g i c   t o   t h e   h i g h l y   i n d u s t r i a l i z e d  
and   wel l -popula ted   nor th-cent ra l   Uni ted   S ta tes   and   south-cent ra l   Canada   and  
i s  a s t r i d e   t h e   t r a n s c o n t i n e n t a l   l i n k   b e t w e e n   t h e   m a j o r   a g r i c u l t u r a l  
p roduc t ion   r eg ions  of the west and  midwest  and the  consuming  areas of the  
east. The Great Lakes-St.   Lawrence  system  provides  27-foot  deep  navigation 
channels   f rom  Duluth-Superior   to   Montreal   and  35-foot  least  depth   channels  
f r o m   M o n t r e a l   t o  Quebec City.  Over 100 b i l l i o n   t o n - m i l e s  of waterborne 
f r e i g h t  are c a r r i e d  by th i s   sys t em  each   yea r .  

T h e   r e g i o n   a r o u n d   t h e   b a s i n   c a n   b e   c o n s i d e r e d   t r i b u t a r y   t o  Great Lakes 
harbours   for   sh ipment  of ove r seas   gene ra l   ca rgo .   In   t he   Un i t ed  States,  t h e  
r e g i o n   i n c l u d e s   t h e   e i g h t   l a k e - b o r d e r i n g  s ta tes  a n d   e l e v e n   a d d i t i o n a l  
nearby s ta tes  which   genera te   about   25   percent  of t h e  U.S. gene ra l   ca rgo  
e x p o r t   t r a f f i c .  The t r i b u t a r y  areas produce  79  percent  of U.S. g r a i n   f o r  
ove r seas   sh ipmen t   w i th   t he   s ix   midwes t  s ta tes  b o r d e r i n g   t h e  Great Lakes 
producing  37  percent .  However, U.S. g r a i n   e x p o r t s   t h r o u g h  Great Lakes 
harbours  were only  10 p e r c e n t  of t h e   t o t a l   e x p o r t e d   i n  1980.  Almost h a l f  
of   the  Canadian  wheat   export   shipments   pass   through  Great   Lakes-St .  
Lawrence por t s   and   approximate ly   one   th i rd  of a l l  Canadian  ship  cargos are 
hand led   i n   t he   sys t em.  
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The r a i l r o a d s ,   m o t o r  carriers,  a i r l i n e s ,   b a r g e   c o m p a n i e s   a n d   p i p e l i n e s  
s e r v i n g   t h e   r e g i o n   t r i b u t a r y   t o   t h e  Seaway system are e x t r e m e l y   a c t i v e  
c o m p e t i t o r s   f o r  much of the   cargo   tonnage   which  moves or   could  move through 
t h e  Great Lakes-St.  Lawrence Seaway system.  However,  such carriers assume 
a complementary   se rv ice   ro le   for   mos t  of t h e   d o m e s t i c   a n d   o v e r s e a s   t r a f f i c  
a c t u a l l y  moving  through the system. A s  p a r t n e r s  in t h e   t o t a l   p h y s i c a l  
d i s t r i b u t i o n   p r o c e s s ,   t h e y   t r a n s p o r t   f r e i g h t   t o   a n d   f r o m  Great Lakes   por t s  
a n d   i n l a n d   o r i g i n s   o r   d e s t i n a t i o n s .  

In 1953, a r e c o r d   1 2 8   m i l l i o n   t o n s   o f   f r e i g h t  moved t h r o u g h   t h e   l o c k s  
a t  S a u l t  S t e .  Marie. Th i s   r eco rd  s t i l l  s t ands .   Dur ing   t he  l a s t  10   yea r s ,  
s h i p p i n g   t h r o u g h   t h e s e   l o c k s   a v e r a g e d  81 m i l l i o n   t o n s .  Two t h i r d s  of t h e  
i ron   o re   p roduced   i n   t he   Un i t ed   S t a t e s   and   Canada  i s  sh ipped   t h rough   t h i s  
f a c i l i t y .  

For t h e  l a s t  ten   years ,   the   Wel land   Canal   has   passed  an average  of 65 
m i l l i o n   t o n s / y r .  ; 45.2 p e r c e n t  of t h e   c a r g o s  were mine products   and 39.7 
p e r c e n t   a g r i c u l t u r a l   p r o d u c t s ;  of t h i s   c a n a l   t r a f f i c ,  52 p e r c e n t  was 
Canadian  and  48  percent ,  U.S. The t e n   y e a r   a v e r a g e   f o r   t h e  S t .  Lawrence 
Seaway has   been   55  mil lLon t o n s l y r . ,  of which  66  percent was Canadian 
t r a f f i c   a n d   3 4   p e r c e n t ,  U.S. Th i s   ca rgo   cons i s t ed  of 3b.9 percent   mine 
products   and  45.0 p e r c e n t   a g r i c u l t u r a l   p r o d u c t s .  

2.3.3 Power 

Water r e q u i r e d   f o r  power g e n e r a t i o n   p r o c e s s e s   r e p r e s e n t s   t h e   l a r g e s t  
demand on water r e s o u r c e s   w i t h i n   t h e  Great Lakes  basin.  One of t h e  
i n t e r e s t s   t h a t  would   be   a f fec ted  by r e g u l a t i o n  of  any  or all of t h e  Great 
Lakes i s  h y d r o - e l e c t r i c  power s i n c e   s u c h   i n s t a l l a t i o n s  a re  l o c a t e d  on a l l  
t h e   i n t e r n a t i o n a l   c o n n e c t i n g   a n d   o u t l e t   c h a n n e l s  of t h e  Great Lakes  except 
t h e   S t .   C l a i r - D e t r o i t   R i v e r s .  

D i v e r s i o n  of water from  the Niagara River above the f a l l s  €or power 
purposes  commenced in t h e  l a t e  1880s .   In   t he   yea r   1900   t he   d ive r s ion  
t o t a l e d   a b o u t  6,000 c u b i c   f e e t  per second  (c fs ) .  By 1921,   the amount 
d i v e r t e d  was approximate ly   50 ,000   c fs .   Wi th   the   comple t ion  in 1926 of t h e  
f i r s t  of t h e   h i g h - h e a d   p l a n t s ,   S i r  Adam Beck No. 1, a f u r t h e r   1 4 , 0 0 0   c f s  
bypassed  Niagara Falls. During  the  Second  World War, i n c r e a s e d   d i v e r s i o n  
by  Canada was p e r m i t t e d   a n d ,   i n   1 9 5 4 ,   t h e   u n i t s  of t h e  S i r  Adam Beck No. 2 
p l a n t  came i n t o   s e r v i c e .   T h i s   p l a n t   r e a c h e d   € u l l   c a p a c i t y   i n   1 9 5 8 ,  
b r i n g i n g   t h e  maximum d i v e r s i o n   t h r o u g h   t h e  Beck developments   to  60,000 c f s .  
The Robert  Moses Niagara   p lan t  on t h e   U n i t e d   S t a t e s   s i d e  o i  t h e   r i v e r ,  
immediately  upstream of t h e  S i r  Adam Beck p l a n t s ,  came into s e r v i c e   i n  
.January  1961  and  reached f u l l  c a p a c i t y   i n  1962. It has  a d e s i g n   c a p a c i t y  
of 83,000 c f s ,   b u t  on o c c a s i o n   h a s   d i v e r t e d  up to   105 ,000   c f s .  

Ontar io   Hydro i s  r e s p o n s i b l e   f o r   g e n e r a t i n g   e l e c t r i c i t y   f r o m   t h e  
Canadian   share  of t he   f l ow in t h e   N i a g a r a   R i v e r   ( i n c l u d i n g   t h e  DeCew power 
p l an t s   d ive r s ion   f rom  the   Wel l and   Cana l )   and  in t h e  S t .  Lawrence Ri-ver i n  
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t h e   I n t e r n a t i o n a l   R a p i d s   S e c t i o n .   H y d r o - Q u e b e c   u t i l i z e s   t h e   f u l l   f l o w  of 
t h e  S t .  Lawrence a t  i t s  Beauharnois-Cedars  development. In  a d d i t i o n ,  Great 
Lakes Power Company h a s  a power p l a n t   l o c a t e d  a t  S a u l t  Ste. Mar ie ,   Ontar io ,  
t h e   c a p a c i t y  of which i s  current ly   being  expanded.   Approximately  15 
p e r c e n t   o f   t h e   t o t a l   h y d r o - e l e c t r i c   g e n e r a t i n g   c a p a c i t y  i n  Canada i s  
l o c a t e d  on t h e   o u t f l o w  rivers of the  Great   Lakes  and  amounts   to  4,807,000 
ki lowat t s .   Almost   ha l f   o f  the the rma l   gene ra t ing   capac i ty   i n   Canada  
( 4 , 4 7 4 , 0 0 0   k i l o w a t t s )  i s  l o c a t e d   a l o n g   t h e  Great Lakes   and   ou t le t  rivers. 

The U.S. p o r t i o n  of t h e  Great Lakes  basin  had  an e lec t r ic  g e n e r a t i n g  
c a p a c i t y   o f  32.8 m i l l i o n   k i l o w a t t s  in 1970. Th i s   r ep resen ted  9 . 6  p e r c e n t  
of n a t i o n a l   p r o d u c t i o n .  The t o t a l   i n s t a l l e d   h y d r o - e l e c t r i c   c a p a c i t y  
l o c a t e d  on the   Un i t ed  States s i d e  of t h e   o u t f l o w  rivers i s  approximately 
3.2 m i l l i o n   k i l o w a t t s .  The p r i n c i p a l  power producer is  t h e  Power A u t h o r i t y  
of t h e   S t a t e  of New York,  which u t i l i z e s   t h e  U.S. p o r t i o n  of t he   f l ows  of 
the   Niagara   River   and  of t h e  S t .  Lawrence   R ive r   i n   t he   In t e rna t iona l   Rap ids  
Sect ion.   There are a l s o  two small hydro-plants  on t h e  S t .  Marys River a t  
S a u l t  S t e .  Marie, Michigan,  one owned by t h e  U.S. Government  and t h e   o t h e r  
by t h e   E d i s o n   S a u l t  Electric Company, a n d   s e v e r a l  small p l a n t s   a s s o c i a t e d  
w i t h   t h e  New York State  Barge  Canal. 

Power g e n e r a t e d   f r o m   t h e   e x i s t i n g   h y d r o - e l e c t r i c   i n s t a l l a t i o n s  i s  
cheaper   than  power produced a t  f o s s i l -   o r   n u c l e a r - f u e l e d   i n s t a l l a t i o n s ;  
maximum u t i l i z a t i o n  of t h e   h y d r o - e l e c t r i c  power c a p a c i t y ,   t h e r e f o r e ,  i s  
economically  advantageous.  

2.3.4 Cultural   Developments  

T h i s   s e c t i o n   d e s c r i b e s   t h e   l a n d   u s e s  of t h e  Great Lakes   shore l ine .  
The shore   zone ,   wh ich   i nc ludes   t he   d ry   l and ,  water, and  bottomland  beneath 
t h e  water i n  c l o s e   p r o x i m i t y   t o   t h e   s h o r e l i n e ,  i.e., t o   t h e   f i v e   f a t h o m  
(30  f o o t )   c o n t o u r ,   r e p r e s e n t s  a u n i q u e   n a t u r a l   r e s o u r c e  whose r e c r e a t i o n a l ,  
commerc ia l ,   and   eco logica l   va lues  are h igh .   Major   ca tegor ies  of use are 
r e s i d e n t i a l ,   i n d u s t r i a l - c o m m e r c i a l ,  agricultural/undeveloped, f o r e s t ,  
r e c r e a t i o n / w i l d l i f e   p r e s e r v e s ,  and p u b l i c  i n s t i t u t i o n a l  holdings. 

A m o s t   s i g n i f i c a n t   a s p e c t  of s h o r e l i n e   u s e  i n  t h e  Great Lakes   bas in  is  
t h e  amount  of sho re   deve loped   fo r   r e s iden t i a l ,   r ec rea t iona l ,   and   commerc ia l  
a n d   i n d u s t r i a l   p u r p o s e s .  The percentages   o f  U.S. and   Canadian   shore l ine  so 
c l a s s i f i e d  are 25,  7.2,  and 5.2 p e r c e n t ,   r e s p e c t i v e l y .  Some a r e a  
s h o r e l i n e s  accommodate g r e a t e r   c o n c e n t r a t i o n s  of t h e s e   c a t e g o r i e s   t h a n  
others.   For  example,  i n  t h e   l o w e r   p a r t  o f  Lake  Michigan, 86 percent   o f   the  
s h o r e l i n e  i s  d e v e l o p e d   f o r   r e c r e a t i o n a l ,   r e s i d e n t i a l ,   c o m m e r c i a l   a n d  
i n d u s t r i a l   p u r p o s e s .   S i m i l a r   h i g h   p e r c e n t a g e s  of deve lopment   ex is t  i n  t h e  
area f rom  Toronto   to   Hami l ton   a long   the   wes te rn   shore   o f   Lake   Ontar io .  

Dur ing   t he  l a s t  20 years the re   has   been  a modera t e   i nc rease  i n  t h e  
number  of s h o r e l i n e  miles i n   r e s i d e n t i a l   d e v e l o p m e n t   a n d   r e c r e a t i o n a l   u s e  
and a d e c r e a s e   i n   a g r i c u l t u r a l   a n d   u n d e v e l o p e d   s h o r e l a n d s .  A long-term 
p r o j e c t i o n  of t h i s   t r e n d  would  demonstrate  that   most of t h e  Great Lakes 
s h o r e l i n e  i s  expected t o  be i n  urban-serving uses by 2020. Corresponding 
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t o   t h e   i n c r e a s e   i n   r e s i d e n t i a l   d e v e l o p m e n t   a n d   r e c r e a t i o n a l   u s e ,   p u b l i c  
ownership of s h o r e l a n d s   h a s   i n c r e a s e d ,   b u t  a t  a more  modest rate. O f  t h e  
3,756 miles of Great L a k e s   s h o r e l i n e   i n   t h e  U.S., 3,029 miles ( 8 1   p e r c e n t )  
a re   p r iva te ly-owned.  Most Canadian   shore lands  are pr iva te ly-owned  a l so ,  
b u t   t h e   p r o p o r t i o n  i s  only  57 percent .  The non-federa l   publ ic  owns 1 4  
p e r c e n t  of t h e  U.S. miles and 38 p e r c e n t  of the   Canadian  miles. 

Due t o  g r o w i n g   p r e s s u r e s   o n   r e c r e a t i o n a l   r e s o u r c e s   i n   t h e  Great Lakes 
region,   long-range  planning  and  development   has   received  increased 
a t t e n t i o n .   P u b l i c   l a n d s   a n d  water areas w i t h i n   t h e   r e g i o n   h a v e   b e e n  set 
a s ide   fo r   ou tdoor   r ec rea t ion .   Deve lopmen t s   i nc lude   f ede ra l ,   p rov inc ia l ,  
s ta te ,  county   and   loca l   parks   and   fores t s ;   mar inas   and   campgrounds ;  
e d u c a t i o n a l   a r b o r e t u m s ,   g a r d e n s ,   a n d   n a t u r e   c e n t e r s ;   w i l d l i f e   r e f u g e s   a n d  
game a r e a s ;   r e c r e a t i o n a l  areas f o r  ORVs and  snowmobiles as  well as  
wi lde rness   r e se rves .   The re  are  a l s o  numerous  pr ivately  developed 
r e c r e a t i o n a l   f a c i l i t i e s   t h r o u g h o u t   t h e   r e g i o n .  

The absence of s t r o n g l y   d e v e l o p e d   r e l i e f   i n  many p a r t s  of t h e   b a s i n  
limits t h e  amount of l a n d   w i t h   c h a r a c t e r i s t i c s   t h a t  create h i g h   q u a l i t y  
s e t t i n g s ,   e s p e c i a l l y   i n   t h e   l a k e   p l a i n s .  A s  a r e s u l t ,  many areas have  only 
l i m i t e d   p o t e n t i a l   f o r   t h e   d e v e l o p m e n t  of r e c r e a t i o n a l   f a c i l i t i e s   w i t h   h i g h  
q u a l i t y   a e s t h e t i c   a p p e a l ,   t h u s  making t h e  Great L a k e s   s h o r e l i n e   l o c a t i o n s  
an   even  more a t t r a c t i v e   s o u r c e   f o r   r e c r e a t i o n a l   s a t i s f a c t i o n .  Great Lakes 
water s u r f a c e s   a n d   s h o r e l i n e s   r e c e i v e   i n t e n s i v e  weekend and   vaca t ion   u se  by 
b o t h   r e s i d e n t s   a n d   n o n - r e s i d e n t s  of t h e   b a s i n .  

T a b l e s  2-9 and 2-10 summarize  ownership,   use   and  length of s h o r e l i n e  
i n   t h e   U n i t e d   S t a t e s   a n d  Canada f o r   t h e   f i v e  Great Lakes. 
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S e c t i o n  3 

FLUCTUATION OF WATER LEVELS AND FLOWS 

3 . 1  General  

The l e v e l  of a lake   depends  on the   ba l ance   be tween   t he   quan t i ty  of 
water e n t e r i n g   t h e   l a k e   a n d   t h e   q u a n t i t y  of water l e a v i n g   t h e   l a k e .   I f  
t h e s e   q u a n t i t i e s  are e x a c t l y   t h e  same, t h e   g e n e r a l   l a k e   l e v e l  i s  cons tan t .  
I f  more water e n t e r s   t h e   l a k e   t h a n   l e a v e s  i t ,  t h e  volume  of water i n  t h e  
l a k e   i n c r e a s e s   a n d   t h e   l a k e   l e v e l  r ises and,   with no a r t i f i c i a l  o u t l e t  
c o n t r o l ,  i t s  ou t f low  inc reases .  The  amount of l a k e   l e v e l   a n d   o u t f l o w  
f l u c t u a t i o n   i n   t h e  Great Lakes  system  depends on the  magni tude of water 
supply  changes  and  the  t iming of t he   pas sage  of t h e  water th rough   t he  
sys tem.   These ,   in   tu rn ,  are t h e   r e s u l t  of t h e   i n t e r a c t i o n  of t h e   n a t u r a l  
a n d   a r t i f i c i a l   f a c t o r s   w h i c h   a f f e c t   t h e   s u p p l y   a n d   d i s c h a r g e  of water t o  
and  from  the  system. The r ange   o f   f l uc tua t ion   o f   wa te r   l eve l s   and   ou t f lows  
i s  a l s o   d i r e c t l y   a f f e c t e d  by t h e   a r e a   a n d   t h e   d i s c h a r g e   c a p a c i t y   o f   t h e  
l a k e ' s   o u t l e t   r i v e r .  The d i s c h a r g e   c a p a c i t y   o f   t h e   o u t l e t   r i v e r  i s  
i n f l u e n c e d  by e r o s i o n ,   d r e d g i n g ,   c o n s t r u c t i o n   a n d   c r u s t a l   u p l i f t .  

There are t h r e e   c a t e g o r i e s  of water level f l u c t u a t i o n s  on t h e  Great 
Lakes:   long-term,   seasonal   and  short-per iod.  

Long-term f l u c t u a t i o n s  are t h e   r e s u l t  of p e r s i s t e n t   l o w   o r   h i g h   w a t e r  
s u p p l y   c o n d i t i o n s   w i t h i n   t h e  basin w h i c h   r e s u l t  i n  ex t remely   low  leve ls ,  
s u c h   a s  were r e c o r d e d   i n   t h e  mid-1960s on Lakes  Michigan-Huron, Erle, and 
O n t a r i o ,  OK i n   e x t r e m e l y   h i g h  levels,  such as i n  1973-74 on a l l  t h e   l a k e s  
except   Lake  Superior .  A c e n t u r y   o f   w a t e r   l e v e l   r e c o r d s   i n   t h e  Great Lakes 
b a s i n  are proof o f  t h e   f a c t   t h a t  no r e g u l a r ,   p r e d i c t a b l e   c y c l e   e x i s t s .  The 
in t e rva l s   be tween   pe r iods   o f   h igh   and   l ow  l eve l s ,   and   t he   l eng th  of such 
per iods  can  vary  widely  over  a number of years .  Maximum recorded  ranges  of  
l e v e l s  (1900 to   da t e ) ,   f rom  ex t r eme   h igh   t o   ex t r eme   l ow,   have   va r i ed   f rom 
3.8 f e e t  on Lake   Supe r io r   t o  6.6 f e e t  on Lake  Ontario.  The r a n g e   i n   l e v e l s  
o f   each   o f   t he   downs t r eam  l akes   r e f l ec t   no t   on ly   t he   f l uc tua t ions   i n  
s u p p l i e s   t o  i t s  own b a s i n ,   b u t   a l s o   t h e   € l u c t u a t i o n s   i n   s u p p l i e s  from t h e  
ups t ream  lakes .  

S e a s o n a l   f l u c t u a t i o n s   i n  Great L a k e s   l e v e l s  r e f l ec t  the   annua l  
h y d r o l o g i c   c y c l e .   T h e s e   f l u c t u a t i o n s  are c h a r a c t e r i z e d  by h i g h e r   n e t  
s u p p l i e s   d u r i n g   t h e   s p r i n g   a n d   e a r l y  summer wi th   lower   ne t   suppl ies   dur ing  
the   remainder  o f  the   year .  The magnitude of s e a s o n a l   f l u c t u a t i o n s  is  q u i t e  
srnal-1, averaging   about   one   foo t  on Lake  Superior  and  Lakes  Michigan-Buron, 
1 . 2  f e e t  on Lake Erie and 1.9 f e e t  on Lake  Ontario.  

S h o r t - p e r i o d   f l u c t u a t i o n s ,   l a s t i n g   f r o m  a few h o u r s   t o   s e v e r a l   d a y s ,  
a r e   c a u s e d  by m e t e o r o l o g i c a l   d i s t u r b a n c e s .  Wind a n d   d i f f e r e n c e s   i n  
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b a r o n e t r i c   p r e s s u r e  create t empora ry   imba lances   i n   t he  water l e v e l s   a t  
v a r i o u s   l o c a t i o n s  on t h e   l a k e s .  

Superimposed upon a l l  t h r e e   c a t e g o r i e s  of water l e v e l   f l u c t u a t i o n s  are 
wind  induced  waves. 

3.2 N a t u r a l   F a c t o r s   A f f e c t i n g   F l u c t u a t i o n s  

The f a c t o r s   w h i c h   a f f e c t   s h o r t - p e r i o d ,   s e a s o n a l   a n d   l o n g - t e r m  
f l u c t u a t i o n s   i n  Great Lakes levels can b e   s e p a r a t e d   i n t o  two c a t e g o r i e s  - 
n a t u r a l   a n d   a r t i f i c i a l .  The p r i n c i p a l   n a t u r a l   f a c t o r s ,   w h i c h  are d i s c u s s e d  
b r i e f l y   i n   t h e   f o l l o w i n g   s u b s e c t i o n s ,   i n c l u d e   p r e c i p i t a t i o n ,   e v a p o r a t i o n ,  
runof f ,   g roundwate r ,  ice r e t a rda t ion ,   aqua t i c   g rowth   and   me teo ro log ica l  
phenomena. A p i c t o r i a l   r e p r e s e n t a t i o n  of some of t h e   p r i n c i p a l   f a c t o r s  i s  
shown i n   F i g u r e  3-1. A r t i f i c i a l   f a c t o r s  are d i s c u s s e d   i n   S u b s e c t i o n  3.3. 
A c o m p l e t e   d i s c u s s i o n   o f   t h e s e   f a c t o r s  i s  conta ined   in   Appendix  "A" of t h e  
1973 I n t e r n a t i o n a l  Great Lakes  Levels   Board  report .  

3.2.1 P r e c i p i t a t i o n  

The source   o f  water reaching   the   Grea t   Lakes  i s  p r e c i p i t a t i o n   w h i c h  
f a l l s   i n   t h e   f o r m  o f   b o t h   r a i n   a n d  snow on t h e   l a k e s   a n d  on t r i b u t a r y   l a n d  
areas. P r o t r a c t e d   e x c e s s e s   o r   d e f i c i e n c i e s   i n   p r e c i p i t a t i o n  are  l a r g e l y  
r e s p o n s i b l e   f o r   t h e   l o n g - t e r m   v a r i a t i o n s   i n   l a k e   l e v e l s .  The h i s t o r i c a l  
v a r i a t i o n   i n   p r e c i p i t a t i o n  i s  shown i n   F i g u r e  3-2. Record  high 
p r e c i p i t a t i o n   i n   t h e  l a t e  1940s a n d   t h e   e a r l y  1950s ( f i v e  of t h e   s i x   y e a r s  
p r i o r   t o  1952 had   above -norma l   p rec ip i t a t ion ) ,   w i th   r e su l t an t   h igh   l ake  
l e v e l s ,  was fol lowed  only 1 2  y e a r s  later by f i v e   y e a r s  of  below-normal 
p r e c i p i t a t i o n   a n d   r e c o r d   l o w   l a k e   l e v e l s   i n   t h e  1960s. 

3.2.2 Evapora t ion  

P r o t r a c t e d   d e f i c i e n c i e s   o r   e x c e s s e s   i n   e v a p o r a t i o n   g e n e r a l l y  accompany 
e x c e s s e s   o r   d e f i c i e n c i e s ,   r e s p e c t i v e l y ,   i n   p r e c i p i t a t i o n .   T h e s e   c o n d i t i o n s  
t h u s   r e i n f o r c e   e a c h   o t h e r  i n  p roduc ing   l ong- t e rm  va r i a t ions   i n   l ake  levels.  
The  magnltude oE the e v a p o r a t i o n  from each of the lakes over a lo-year 
per iod   and  i t s  r e l a t i o n s h i p   t o   p r e c i p i t a t i o n  on t h e   l a k e s   d u r i n g   t h a t  
p e r i o d ,  are shown i n   T a b l e  3-1. 

3.2.3 Runoff 

The l a n d  area c o n t r i b u t i n g   r u n o f f   t o   t h e  Great L a k e s   v a r i e s   i n   w i d t h  
around  most  of  the  lakes  from less t h a n  10 miles t o   a b o u t  100 miles. The 
Grea t   Lakes   d ra inage   sys t em  cons i s t s   o f  many p e r e n n i a l   a n d   i n t e r m i t t e n t  
streams, many of which are small in terms of area drained.  The p e r c e n t  
t o t a l  Great Lakes basin l a n d  area b o a s t i n g  of hydro log ica l ly   mon i to red  
t r i b u t a r i e s   r a n g e   f r o m  72 pe rcen t   fo r   Lake  Erie t o  53 percen t   fo r   Lake  
S u p z r   i o r  . 

3.2.4 Groundwater 

The Great Lakes are groundwater   discharge zones. Regard less   o f   the  
actual  d i r e c t i o n  of groundwater movement i n   t h e  Great Lakes  Basin 
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Figure 3-1 
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Table  3-1 

RELATIONSHIP BETWEEN EVAPORATION AND PRECIPITATION 
ON THE SURFACE OF THE GREAT LAKES 

(Based on Data f o r   t h e   P e r i o d  Oct. 1950 - Sept.  1 9 6 0 )  

Average  Annual  Evaporation 
Approx.  Average  Annual  Aver  age  Annual as a P e r c e n t a g e  of Average 
Evapora t ion   f rom  Lake   Prec ip i ta t ion  on  Annual P r e c i p i t a t i o n  on 

Lake ( s  Surf ace ( Inches  1 Lake  Surf ace ( Inches   Lake   Sur face  

S u p e r i o r  
Michigan-Hur on 
Erie 
O n t a r i o  

22 
26 
36 
25  

32  
33 
36 
34 

69 
79 

100 
74 

w 
I 
UI 

Table  3-2 

EFFECTS OF I C E  RETARDATION ON WINTER FLOWS (JAN. THROUGH MAR., INCL. ) 
I N  THE GREAT  LAKES  CONNECTING  CHANNELS AND ST. LAWRENCE RIVER 

Aver  age  Annual 
Flow (cf s )  

Outlet River  (1900-1978) 

Estimated  Average 
Ice R e t a r d a t i o n  

(c fs )  
P e r c e n t  
R e t a r d a t i o n  

S t .  Marys 
S t .  Clair 
D e t r o i t  
Niagar  a 
S t  . Lawrence 

75,000 
180,000 
184,000 
203,000 
238,000 

3,000* 
28,000 

8,000 
4,000 
7,000* 

4* 
16  

4 
2 
3* 

* P r i o r   t o   r e g u l a t i o n .  



w a t e r s h e d ,   g r o u n d w a t e r   d i s c h a r g e s   e i t h e r   d i r e c t l y   t o   t h e   l a k e s   t h e m s e l v e s  
or  as b a s e f l o w   t o  streams, thereby   becoming  in f low  to   the   l akes .  
S ign i f i can t   ou t f low  f rom  the  Great Lakes   bas in  v ia  groundwater  f low  systems 
i s  u n l i k e l y .   S t u d i e s   u n d e r   t h e   1 9 7 3   I n t e r n a t i o n a l   F i e l d  Year f o r   t h e  Great 
Lakes (IFYGL) d id   quan t i fy   g roundwate r   d i scha rge   t o   Lake   On ta r io .  In  terms 
of t h e   t o t a l  Great Lakes water ba lance ,   g roundwate r   con t r ibu t ions   d i r ec t ly  
f r o m   t h e   s h o r e l i n e s   o f   t h e   l a k e s  are l i k e l y   t o   b e   v e r y  small, probably no 
g r e a t e r   t h a n   t h e   a c c u r a c y   i n   m e a s u r i n g   t h e   s u r f a c e  water inf low  and  outf low 
t o   t h e   l a k e s .  

3.2.5 Ice R e t a r d a t i o n  

Flows i n  t h e   o u t l e t  r ivers of t h e   l a k e s   d u r i n g   t h e   w i n t e r   s e a s o n  are 
o f t e n   r e t a r d e d   m a t e r i a l l y  by ice formation  and by ice jamming. These 
c o n d i t i o n s   a r e   n o t   p r e d i c t a b l e   f o r   a n y   s p e c i f i c   w i n t e r ,   e i t h e r  as t o   t h e i r  
s e v e r i t y   o r   t h e   e x a c t   t i m i n g  of t h e i r   o c c u r r e n c e .   A v e r a g e   r e d u c t i o n s   i n  
t h e   o u t f l o w  rates ,  fo r   t he   pe r iod   J anua ry   t h rough   March ,  are i n d i c a t e d  i n  
Table  3-2. 

The n a t u r a l   r e t a r d a t i o n  of flows  under ice  c o n d i t i o n s   c a u s e s   t h e  
l e v e l s  of unregula ted   l akes   to   be   h igher   dur ing   spr ing   breakup  than   would  
be   t he  case i f  t h e r e  were no ice. T h i s   i n c r e a s e s   t h e   s t o r a g e  on t h e   l a k e .  
Such   i nc reased   s to rage   causes   h ighe r   ou t f lows   fo l lowing   t he   b reakup ,   and  
t h e   s e a s o n a l   e f f e c t  i s  g r a d u a l l y   d i s s i p a t e d   d u r i n g   t h e   o p e n - w a t e r   p e r i o d .  
The s u b j e c t  o f   f l o w   r e t a r d a t i o n  i s  f u r t h e r   d i s c u s s e d   i n   S e c t i o n  5. 

3.2.6 Aquatic  Growth 

A q u a t i c   g r o w t h   i n   t h e  rivers d u r i n g   t h e  summer a l s o   r e t a r d s   o u t f l o w  by 
vary ing   amounts   f rom  r iver   to  river. I n  the   Niagara   River ,   fo r   example ,  
comparison  of   discharge  curves   developed  during  per iods of bo th  minimum and 
maximum a q u a t i c   g r o w t h   i n d i c a t e s   t h a t   s u c h   r e t a r d a t i o n   c o u l d   r e d u c e  
out f lows  by as much as 10,000 c f s   du r ing   t he   mon ths  of June to  September. 
For f u r t h e r   d i s c u s s i o n  on t h i s  matter, see t h e  J4ake Erie o u t f l o w   r e p o r t  
p repared  by the  Coordinat ing  Commit tee  on Great  Lakes Rasic Hydraul ic   and 
Hydrologic  Data, da t ed   June   1976 .   Th i s   r e t a rda t ion   gene ra l ly  starts i n  
May, a v e r a g e s   a b o u t   1 , 9 0 0   c f s ,   a n d   i n c r e a s e s   t o  i t s  maximum i n   J u l y .  
Retarda t ion   undergoes  a d r a s t i c   r e d u c t i o n   i n   t h e   f a l l ,  as aquat ic   g rowth  
l e s s e n s ,   a n d  i t  becomes i n s i g n i f i c a n t  by  November. 

3.2.7 Meteoro logica l   Dis turbances  

Meteoro logica l  phenomena may create l a r g e   s h o r t - t e r m   f l u c t u a t i o n s   i n  
l a k e   l e v e l s   w h i c h  l a s t  f o r  pe r iods   f rom  minu tes   t o   s eve ra l   days .   Sus t a ined  
h igh   winds   a long   the   major   ax is  of t h e   l a k e  may c a u s e   t h e   s u r f a c e  of t h e  
l a k e   t o  t i l t ,  r i s i n g  a t  one   end   and   f a l l i ng  a t  t h e   o t h e r .   C e s s a t i o n   o f  
such   cond i t ions  may r e s u l t   i n   o s c i l l a t i o n s ,   w i t h  a rap id   change  i n  l a k e  
l eve l .   Buf fa lo   Harbor ,  a t  t h e  east end of Lake Erie, has   exper ienced  a 
r i s e  of as much as e i g h t   f e e t ,   d u e   t o   t h e s e  phenomena. Atmospheric 
p r e s s u r e   c h a n g e s   a l s o   p r o d u c e   s u d d e n   t e m p o r a r y   l a k e   l e v e l   f l u c t u a t i o n s .  
One such  event   occurred on Lake  Michigan on June  26,  1954 a t  1:26 p.m., 
causing a sudden  and  unexpected r ise of one  and  one-half   feet   above  the 
d a y ' s   a v e r a g e   l a k e   l e v e l   i n   C h i c a g o ' s   M o n t r o s e   H a r b o r   a n d   r e s u l t i n g   i n  
several   drownings.  
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3.3 A r t i f i c i a l   F a c t o r s   A f f e c t i n g   F l u c t u a t i o n s  

The a r t i f i c i a l   f a c t o r s   a f f e c t i n g   f l u c t u a t i o n s   i n  Great Lakes  levels  
include  dredging,   divers ions,   consumptive  use,   and  outf low  regulat ion.  
Th i s   s ec t ion  of t he   r epor t   b r i e f ly   cove r s   d redg ing  and outf low  regulat ion.  
Diversions are d i s c u s s e d   i n   d e t a i l   i n   S e c t i o n  4 and  consumptive  uses i n  
Sec t ion  6. 

3.3.1  Dredging 

Dredging t o   i n c r e a s e  a l ake ' s   ou t f low  capac i ty  i s  o f t en   an   i n t eg ra l  
p a r t  of t he  works to   p rovide  some con t ro l  of t h e   l e v e l s  and  outflows. 
Through the   ope ra t ion  of a con t ro l   s t ruc tu re ,   t he   l eve l s   can  be  manipulated 
t o  some degree in accordance  with a predetermined  policy. 

The l e v e l s  of  Lakes  Michigan-Huron  have  been  lowered by commercial 
d redging   for   g rave l  and by dredging  operations  undertaken  to  improve  the 
S t .  Clair and  Detroit   Rivers  and Lake St .  Clair for   naviga t ion .  

The 1926  report  of t h e   J o i n t  Board of Engineers ,   en t i t l ed   "S t .  
Lawrence  Waterway," a t t r i b u t e s   a b o u t  0.3 foo t  of lowering of Lakes 
Michigan-Huron l e v e l s   t o  commercial  dredging of gravel  from  the  reach of 
t he   S t .  Clair R i v e r   i n   t h e   v i c i n i t y  of Poin t  Edward, Ontario,  between  1908 
and  1925. 

Channel  enlargements i n   t h e   S t .  Clair and Det ro i t   Rivers   t emporar i ly  
inc reased   t he   i n f low  to  Lake Erie. This  caused a rise i n  Lake Erie l e v e l s  
which, i n   t u r n ,  was r e f l e c t e d  by increased  outf low  f rom  this   lake.  The 
t r ans i to ry   e f f ec t ,   c aused  by t h e  27-foot  deepening  during 1958-1962, became 
n e g l i g i b l e   i n  1969. 

The l e v e l s  of  Lake Erie have  not  been  affected by any dredging   in   the  
Niagara  River. 

3.3.2 Current   Regulat ion of t h e  Great Lakes 

Lake Superior  outflows  have  been  under  complete  control  since 1921. 
The cu r ren t   r egu la t ion   p l an ,  known as Plan  1977, was approved  for  use by 
the  IJC i n  October 1979. 

Lake Ontar io   outf lows  have  been  regulated  s ince 1958. The plan 
c u r r e n t l y   i n   u s e  i s  Plan 1958-D. 

Regulation  of Lake Superior  has  changed  the  sequence  and  magnitude of 
the  releases from that   lake.   This   change  has   affected  the  levels  and 
outflows of t h e  downstream  lakes.  Table 3-3 shows t h a t  i f  r egu la t ion  of 
Lake Superior  had  been  conducted  under  the  current  plan of opera t ion   (P lan  
1977)   over   the   en t i re   per iod ,  1900-76, the  long-term mean l e v e l  would have 
been r a i s e d  and the   range  of leve ls   reduced  when compared to   unregulated 
condi t ions.  The t a b l e   a l s o  shows that   the   long-term mean l e v e l s  of t h e  
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o the r   l akes  would not   have  been  mater ia l ly   affected,   a l though  the  extreme 
s t a g e s  would  have  been  reduced. 

Table 3-3 a l s o  shows t h a t   i f  Lake Ontar io   had  been  regulated  over   the 
per iod  1900-1976 under   the  current   plan of opera t ion ,   the   range  of l e v e l s  
would have  been  increased when compared to   unregula ted   condi t ions .  
However, i t  i s  t o  be   no ted   t ha t   t he   r egu la t ion  of Lake Ontar io ,   inc luding  
t h e   I n t e r n a t i o n a l  S t .  Lawrence  River  Board of Con t ro l ' s   d i sc re t iona ry  
au thor i ty   under   opera t ion   s ince  1960, has  brought  about a range of l e v e l s  
on Lake  Ontario  approximately 1 .3  f e e t  less than what i t  would have  been 
wi thout   regula t ion .  

3.4 Supply  and  Diversion Summary 

The average  annual   values  of t he   s eve ra l   p rev ious ly   d i scussed   f ac to r s  
a f f ec t ing   supp ly ,   t oge the r   w i th   t he   l ake   ou t f lows   and   ex i s t ing   d ive r s ions ,  
and,   where  appl icable ,   the   inf low  f rom  the  upstream  lakes ,  are shown 
diagrammatically  on  Figure 3-3. The diagram was drawn as though  there were 
no  change i n   t h e   s t o r a g e   w i t h i n   t h e   l a k e s  from the   beginning   to   the  end of 
t he   i l l u s t r a t ive   pe r iod   u sed ,   Oc tobe r  1950 t o  September 1960. Thus, it i s  
r e p r e s e n t a t i v e  of t h e   r e l a t i v e   v a l u e s  of t he   i npu t s  and  outputs   to   each of 
t h e   l a k e s   i n  a state of s torage   equi l ibr ium,   wi th   the  sum of t h e   i n p u t s   t o  
each   l ake   be ing   exac t ly   equa l   t o   t he  sum of the   ou tputs .  

3.5 R e g u l a t i o n   C h a r a c t e r i s t i c s  

The v a s t  water su r face  areas of t h e  Great Lakes   cons t i tu te  a f e a t u r e  
u n i q u e   t o   t h e  Great Lakes-St.  Lawrence  River system. Smal l  changes   in   the  
l e v e l s  of t h e   l a k e s   a c c o u n t   € o r   l a r g e   q u a n t i t i e s  of water. 

The immense s to rage  capacity of t he   l akes   i n   combina t ion   w i th   t he i r  
r e s t r i c t e d   o u t f l o w  make them a h igh ly   e f f ec t ive   na tu ra l ly - r egu la t ed  water 
system. The e f f e c t i v e n e s s  of t h e   n a t u r a l   r e g u l a t i o n  i s  shown by t h e  
r e l a t i v e l y  small v a r i a t i o n s   i n   l e v e l s  f r o m  s u m m e r  to winter,  and f r o m  
extreme  low  to  extreme  high, as shown i n   T a b l e  3-4. 

Natu ra l   r egu la t ion  of a l a k e   e x i s t s  when i t s  outf lows  are   uniquely 
r e l a t e d   t o  i t s  l e v e l  OK t o  i t s  l e v e l   a n d   t h a t  of a downstream l ake ,  and cal 

be   expressed   in  terms of a stage-discharge  or  slope-stage-discharge 
r e l a t i o n s h i p .  I n  t h e  Great Lakes  the  outflows  from  Lakes  Superior  and 
Ontar io  are a r t i f i c i a l l y   c o n t r o l l e d ,   a n d  may be var ied   wi th in  limits a t  an 
given water l e v e l .  The outflow  from  Lakes  Michigan-Huron i s  through  the 
St .  Clair and D e t r o i t   R i v e r s   i n t o  Lake Erie, and  depends  basically on the  
l e v e l s  of the  upstream  and  downstream  lakes. The major po r t ion  of t h e  
outflow  from  Lake Erie occurs  through  the  Niagara  River  with a r e l a t i v e l y  
small po r t ion   be ing   d ive r t ed   t o  Lake Ontario  through  the  Welland  Canal and 
t h e  New York State  Barge  Canal.   Therefore,   the  major  portion of t h e  
outflow  depends  on  Lake Erie leve ls .   S tage-d ischarge   re la t ionships   for  
uncontrol led  outf low  channels  may be  expressed i n  terms of l a k e   l e v e l  
a lone ,   o r   l ake   l eve l   and   s lope   i n   t he   r i ve r .  By t h e   n a t u r e  of t h e  Great 
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Table 3-3 

CALCULATED EFFECTS OF LAKE REGULATION 
SUMMARY OF RANGES OF STAGE I N  FEET 

AND OUTFLOW I N  THOUSANDS OF C U B I C  FEET PER SECOND 
1900-1976 

A. . L A K E  SUPERIOR - REGULATED AND UNREGULATED 
Lake   Supe r io r   r egu la t ed  (1) Lake   Super ior   unregula ted  ( 2 )  

Stage   Out f low  S tage   Out f low 

Lake  Superior  
Me an  600.44 7 8  600.10 7 8  
Max. 601.93 123  602.02  117 
Min. 598.69 55  598.02  40 
Range 3.24 68  4.00  77 

Lakes  Michigan-Huron ( 3 )  
Mean 
Max 
Min. 
Range 

Lake Er ie  
Me an  
Max. 
Min. 
Range 

Lake  Ontar io  
Mean 
Max. 
Min . 
Range 

Lake  Ontar io  
Me an  
Max. 
Min. 
Range 

NOTES : 

578.27  185 
581.16  232 
575.46  112 

5.70  120 

570.76  207 
573.60  270 
568.10  152 

5.50 1 1 8  

578.28  185 
581.21  233 
575.14  113 

6.07 1 2 0  

570.76  207 
573.65  272 
567.85  147 

5.80 1 2 5  

B. LAKE ONTARIO - UNREGULATED ( 4 )  
Lake   Supe r io r   r egu la t ed  (1) Lake   Super ior   unregula ted  ( 2 )  

244.86  242 
248.75 3 31  
241 . 52   169  

7.23 162 

244.87  242 
248.90  334 
241.41  167 

7.49  167 

C. LAKE ONTARIO - REGULATED ( 5 )  
Lake   Supe r io r   r egu la t ed  ( 1 )  Lake   Super ior   unregula ted  ( 2 )  

244.73  242 
249.47  310 
241.59  188 

7.88  122 

244.74  242 
250.50  310 
241.36  188 

9.14  122 

(1) For  assumed  system  conditi.ons, see Subsec t ion  5.6. 
( 2 )   1 8 8 7  Lake  Superior   out le t   condLtions  and  us€ng  average  computed ice 

( 3 )  1962 o u t l e t   c o n d i t i o n s .  
( 4 )   1 9 5 5  Lake   On ta r io   ou t l e t   cond i t ions .  
( 5 )  T h i s   d o e s   n o t   i n c l u d e   t h e   e f f e c t s   o f   t h e   I n t e r n a t i o n a l  S t .  Lawrence 

r e t a r d a t i o n .  

River Board of C o n t r o l ' s   d i s c r e t i o n a r y   a c t i o n s .  
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Factors of Water Supply to the lakes 
74 

Precipitation  on  lake 

Evaporation from lake 

Runoff from  land 

Outflow 

Diversion 

19 

Figures  are for thousands of cfs. 25 



Eleva t ion  of Low Water Datum 

Monthly  Elevation  (a) 
- Average 
- Maximum 
- Minimum 
- Range of Stage 

Range,  Winter Low t o  
Summer High  (Monthly) ( a )  

w - Average 
w 
w 

I - Maximum 
- Minimum 

Recorded  Monthly  Outflows  (b) 
(cf s )  Out le t  

- Average - Maximum 
- Minimum 

Table 3-4 
GREAT LAKES PHYSICAL AND HYDROLOGIC DATA 

(1900-1978) 
A l l  E l e v a t i o n s   i n   f e e t  IGLD (1955) 

UKE 
SUPERIOR 

600.0 

600.57 
602.02 
598.23 
3.8 

1.2 
2.1 
0.4 

St. Marys 
River 
75,000 
127,000 
41,000 

Average  Annual  Outflow in   Inches  
on Total   Drainage  Basin  (dl  12.6 

Drainage  Areas (Sq. V i . )  
- Land Area ( e )  49,300 - Water Surface  Area ( f )  31,700 

Storage  Capaci ty  Per F t .  
Depth (CFS-months) 338,000 

(a) Master  gages (L. Superior-Marquette, LO 

LAKE 
MICHIGAN 

576.8 

578.20 
581.04 
575.35 
5.7 

1.2 
2.1 
0.4 

St r .  of  Mackinac 

51,OOO(c) - 
- 

10.9 

45,600 
22,300 

LAKE LAKE 
HURON ST. CLAIR 

576.8 

578.20 
581.04 
575.35 
5.7 

1.2 
2.1 
0.4 

St.  Clair 
River 

180,000 
232,000 
106,000 

10.9 

51,700 
23,000 

481,000 

571.7 

573.24 
576.23 
569.86 
6.4 

1.7 
3.3 
0.6 

Det ro i t  
River 
184,000 
233,000 
112,000 

10.9 

6,100 
400 

5,000 

Michigan (e) Land areas inc lude  

LAKE 
ERIE 

568.6 

570.33 
573.51 
567.49 

6.0 

1.6 
2.8 
0.9 

Niagara 
River 
203,000 
274,000 
118,000 

10.5 

23,600 
9,900 

105,000 

t h e   t o t a l  

LAKE 
ONTARIO 

242.8 

244.69 
248.06 
241.45 

6.6 

2.0 
3.6 
0.7 

St.  Lawrence 
River 

238,000 
350,000 
154,000 

10.9 

80,000 

drainage area t o  
and Huron-%arbor  Beach, L. S t .  Clair-St.  Clair Shores ,   the   ou t le t  of the  upstream  lake.  
L. Erie-Cleveland, L. Ontario-Oswego). ( f )  Water areas do not   inc lude  areas of 

(b )  Out f lows   inc lude   the   e f fec ts  of d ivers ions .  connecting  channels.  
(c) Approximate. (g)   Inc ludes  area down t o   t h e   S t .  Lawrence Power 
( d )  Drainage  basin  includes  land  and water su r face  areas. P ro jec t  a t  Cornwall. 



Lakes  system,  the  re la t ively  s teady  outf low  f rom a lake ,   in   compar ison   wi th  
t h e   f l u c t u a t i n g   n a t u r e  of t h e   l o c a l   s u p p l y   t o   t h a t   l a k e ,   c o n s t i t u t e s  a 
cont inuous  source of supp ly   t o   t he   l ake  downstream. 

The l a k e   l e v e l  a t  any time i s  a measure of t h e  amount of water i n  
s to rage  a t  t h a t  time; a change i n   t h e   l e v e l  from  beginning  to  end of any 
time i n t e r v a l  i s  a measure of t h e   q u a n t i t y  of water added  or removed during 
t h a t   i n t e r v a l .  When the  net   supply  (see  subparagraph 5.5.1) t o  any  one  of 
the  lakes   exceeds  the  outf low,  i t s  l e v e l  rises. When the   ne t   supply  i s  
less than   the   ou t f low,  i t s  l e v e l   f a l l s .  For  example, a l a r g e  monthly n e t  
supply of water t o  Lakes  Michigan-Huron may be more than twice t h e  
d ischarge   capac i ty  of t h e  S t .  Clair River.  During  such a month, a t  least  
ha l f  of t he   ne t   supp ly  would  be  added t o   t h e  water s t o r e d   i n   t h e   l a k e .  The 
r e s u l t i n g  r ise i n  t h e   l a k e   l e v e l   d u r i n g   t h e  month could  be  about  four 
inches ,   wi th  a cor responding   cont inuous   increase   in   the  ra te  of d i scharge  
through  the  S t .  Clair River,  from  beginning  to  end of month, of about   th ree  
percent .  This i s  known as t h e   r e s e r v i o r   e f f e c t .  

The  magni tude  of   the  reservoir   effect  of a l a k e ,  a s i g n i f i c a n t   f a c t o r  
i n   l a k e   r e g u l a t i o n ,  i s  much g r e a t e r   i n  La!tes Superior  and Michigan-Huron 
than   in   Lakes  Erie and  Ontario.  (See  Table 3 - 4 ) .  This   e f f ec t   i nvo lves  
l a k e   o u t l e t   c a p a c i t y  as well as lake   s torage   capac i ty .  Changes i n  Lakes 
Superior  and Michigan-Huron outflows would a f f e c t   t h e i r  water l e v e l s  much 
more slowly, due t o   t h e i r   l a r g e  areas, than would  changes i n  Lakes Erie and 
On ta r io   ou t f lows   a f f ec t   t he i r  water l e v e l s .  

Because of t h e   s i z e  of t h e  Great Lakes  and  the  l imited  discharge 
c a p a c i t i e s  of t he i r   ou t f low  r ive r s ,   ex t r eme   h igh   o r  low leve ls   and   f lows  
p e r s i s t   f o r  some cons iderable  time a f t e r   t h e   f a c t o r s  which  caused them have 
changed  or  ceased. Some measure of the  importance of t h i s  may be  judged 
.from t h e   f a c t   t h a t  i t  t akes  two  and  one-half  years  for  only  half of t h e  
f u l l   e f f e c t  of a continuous  supply  change  to  Lakes  Michigan-Huron  to  be 
r e a l i z e d   i n   t h e   o u t f l o w s  from  Lake Erie. 

A s  descr ibed  above,   the  Great Lakes  system i s  a l r e a d y   r e l a t i v e l y  well 
regula ted ,   bo th   na tura l ly   and   under   ex is t ing   regula t ion   p lans  employed on 
Lakes  Superior  and  Ontario. 
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Sect ion  4 

EXISTING  DIVERSIONS 

4.1  Genera 1 

There are f i v e   s i g n i f i c a n t   d i v e r s i o n s  of water i n t o ,   o u t  of o r   w i t h i n  
the  Great Lakes  system.  These are t h e  Long Lac and Ogoki Diversions from 
t h e  Hudson Bay d r a i n a g e   b a s i n   i n t o  Lake Super ior ,   the   d ivers ion   f rom Lake 
Michigan a t  Chicago i n t o   t h e   M i s s i s s i p p i   R i v e r   d r a i n a g e   b a s i n ,   t h e  
Welland  Diversion  from  Lake Erie i n t o  Lake  Ontar io ,   and  the  divers ion 
from  the  Niagara  River   into  the New York S t a t e   B a r g e   C a n a l   ( a l l  of  which 
i s  r e t u r n e d   t o  Lake Ontar io) .  The l o c a t i o n s  of t hese   d ive r s ions  are 
shown on  Figure 2-1. 

When a d i v e r s i o n  i s  i n i t i a t e d   o n  a c h a i n   o f   l a k e s   t h e   f u l l   e f f e c t s  
are not  immediate.  Lake l eve l s   and   ou t f lows   p rogres s ive ly   ad jus t   t o   t he  
d i v e r s i o n   u n t i l  i t s  f u l l   c o n s e q u e n t i a l   e f f e c t  i s  u l t imate ly   reached .  The 
f u l l   e f f e c t s  of a l l  e x i s t i n g   d i v e r s i o n s   i n   t h e  Great Lakes  basin  have 
been  reached. 

4.2 Long Lac  and Ogoki Diversions 

4.2.1  General 

The LOW Lac and  Ogoki  Diversions are e n t i r e l y  separate p ro jec t s   even  
though  both are d i v e r s i o n s  from  watersheds  of  the  northward  flowing 
Albany  River  ( the Kenogami and Ogoki Rivers ) ,   and   bo th   f low  in to   the  Lake 
Super ior   d ra inage   bas in .  

Both d ivers ions   da te   back   to   the   ear ly   1940s .  While the  Long Lac 
Diversion was f i r s t   v i s u a l i z e d  as  a southward   rou te   for   log   d r iv ing ,  i t s  
importance,   and  that  of t he  Ogoki, l a r g e l y  ar ise  f rom  the   e l ec t r i c   ene rgy  
generat ion  which  these  f lows make poss ib l e .   In   t he   ca se   o f   t he  Long Lac 
Diversion,  the d i v e r t e d  water has carr ied  logs  and  augmented  natural  
f l o w s   i n   t h e  Aguasabon River   s ince   January   1941,   and   has   jus t i f ied  a 40.5 
MI.! hydro-power p l a n t  on  the  Aguasabon  River. The Ogoki D ive r s ion   t o  Lake 
Nipigon  has  augmented  the  natural   f lows  driving  the hydro-power p l a n t s  on 
the  Nipigon  River   s ince  July  1943.  

During  the  per iod  July  1943  to  December 1979,  an  average of about  
1 ,440   c fs   had   been   d iver ted   v ia   the  Long Lac route  and  about  4,150 c fs  
v i a  Ogoki. 

4.2.2 History of the  Long Lac  and  Ogoki  Diversions 

The p o s s i b i l i t y   o f   d i v e r t i n g   t h e   h e a d w a t e r s   o f   t h e  Kenogami and Ogoki 
Rivers   southward  into Lake Superior  was r e c o g n i z e d   i n   t h e   e a r l y   1 9 2 0 s .  
F e a s i b i l i t y   s t u d i e s  of t h e  Kenogami and Ogoki systems were conducted by 
Ontar io  Hydro a t  t h a t  time, but  no a c t i o n  was taken   for   a lmost   t en   years .  

4-1 



In   1935,   the  Ontar io   Department   of   Lands  and  Forests   ( represent ing 
the  Ontar io   Government)   entered  into  discussions  with  four  U.S .  pulp  and 
paper  companies  over  the  possible  development  of  the Long Lake  timber 
limits a n d   t h e   f e a s i b i l i t y   o f   d i v e r t i n g  Kenogami River water southward as 
a means o f   t r anspor t   fo r   t he  pulpwood logs.  Tn 1937,  the   Ontar io  
Government s igned  an  agreement   with  the Pulpwood Supply Company (formed 
as  a consort ium  of   the  four   companies)   to   develop  the area. The o r i g i n a l  
purpose  of   the  divers ion scheme was t o   f a c i l i t a t e   t h e   d r i v i n g   o f   p u l p  
logs  southward  on Long Lake  and across   the   he ight -of - land   to   the  
Aguasabon River where  they  would  be moved  by j ack ladde r   t o  Lake  Superior 
f o r   r a f t i n g  . 

Ontario Hydro w a s  a l s o   i n t e r e s t e d   i n   t h e   d i v e r s i o n ,  as t h e   d i v e r t e d  
water would i n c r e a s e   t h e  power p o t e n t i a l   o n   t h e  Aguasabon River  and would 
p r o v i d e   a d d i t i o n a l   b e n e f i t s  a t  t h e  Great Lakes power si tes downstream. 
In   v iew  of   th i s ,   an   agreement  was a l s o   r e a c h e d   i n  1937  between  the 
Ontar io  Government  and  Ontario Hydro  whereby t h e  la t ter  would c o n s t r u c t  
the   necessary  dams and  channels  on a cos t - shar ing   bas i s .   Cons t ruc t ion   of  
the  Aguasabon g e n e r a t i n g   s t a t i o n   b e g a n   i n  1946   and   t he   p l an t   o f f i c i a l ly  
commenced operat ion  on  October   15,  1948. 

In   1940,  by an  exchange  of  diplomatic  notes,   an  agreement was reached 
between Canada a n d   t h e   U n i t e d   S t a t e s   t o   t h e   e f f e c t   t h a t ,   i f  Canada  and 
Ontar io   agreed  to   proceed  immediately  with  the Long Lac/Ogoki  Diversions, 
t he   Un i t ed   S t a t e s  would n o t   o b j e c t   t o  Canada d iver t ing   immedia te ly   an  
a d d i t i o n a l   5 , 0 0 0   c f s  a t  Niagara   for  power product ion .   Cons t ruc t ion  was 
s t a r t e d   i n  December 1940  and  the  Ogoki  Diversion was o f f i c i a l l y  opened i n  
J u l y  1943.  There was a fur ther   exchange  of no tes   da ted  November 1 4 ,  
1941 ,   au tho r i z ing   t he   u se   o f   t h i s  water a t  e i the r   N iaga ra   o r   t h rough   t he  
Welland  Canal.  The  1950  Niagara  Diversion  Treaty  between Canada and  the 
U n i t e d   S t a t e s   p e r p e t u a t e d   t h e   a d d i t i o n a l   5 , 0 0 0   c f s   f o r  Canada  from the  
d i v e r s i o n  by i n d i c a t i n g   i n  Article 111 t h a t   t h i s  water would c o n t i n u e   t o  
be  governed by t h e  earlier exchange  of  notes  and  would  not  be  included i n  
t h e  waters a l loca ted   unde r   t he   p rov i s ions   o f   t he   t r ea ty .  

4.2.3  Description of t he   P resen t  Long Lac Diversion 

The Long Lac  Diversion  connects  the  headwaters of t h e  Kenogami River ,  
which   or ig ina l ly   d ra ined   nor th   th rough  the  Kenogami and  Albany  Rivers 
i n t o  James Bay, wi th   the  Aguasabon River ,   which   na tura l ly   d i scharges   in to  
Lake Super ior  near   Ter race  Bay, Ontario about 155 m i l e s  east of Thunder 
Bay, Ontario  (Figure  4-1).  I t  d ive r t s   t he   runof f   f rom  abou t   1 ,690   squa re  
miles of   the Hudson Bay d r a i n a g e   b a s i n   i n t o   t h e  Great Lakes. 

S t r u c t u r a l l y ,   t h e  Long Lac  Diversion  consis ts  of t he  Kenogami River 
Cont ro l  Dam, l oca t ed  1 2  miles downstream  of  Longlac  on  the Kenogami 
River,  and  the  South  Regulating Dam,  f i v e  miles south of the   l ake .  Long 
Lac r e s e r v o i r  i s  about  52 miles long  and  has a s u r f a c e  area of  about 
53  square miles. The normal  operating  range of t he   r e se rvo i r  i s  1,021.0 
t o   1 , 0 2 8 . 4   f e e t  (GSC)". The opera t iona l   p rocedure  i s  t o   s t o r e   t h e  
s p r i n g   r u n o f f   i n  Long Lake f o r  release p r imar i ly   du r ing   t he   f a l l   and  
winter  months. A s  the   lake  approaches  the maximum s t o r a g e   l e v e l   i n   t h e  
sp r ing ,  water i s  sp i l led   nor thward   th rough  the  Kenogami Control  Dam. The 
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normal   s torage  capaci ty   of  Long Lac r e s e r v o i r  i s  4,190 cfs-months. A t  
the  south  end  of Long Lake a d ivers ion   channel  was c u t   a c r o s s   t h e   d i v i d e  
and  through a series of small creeks  and  lakes   to   connect  Long Lake t o  
t h e  Aguasabon River.  The c o n t r o l  works s i t u a t e d  a t  the  south end  of t he  
c h a n n e l   c o n s i s t   o f   t h r e e   c o n c r e t e   s t r u c t u r e s :   a n   a u x i l i a r y  dam, a main 
dam wi th   an  emergency s lu ice   and   log   chute ,   and  a c o n t r o l  dam wi th  two 
14-foot   wide   s lu ices .  About 1 .5  miles of   the Aguasabon River,  below  the 
South  Regulating Dam,  was widened,   deepened  and  s t ra ightened  to  p e r m i t  
t he   d r iv ing  of pulpwood.  The g e n e r a t i n g   s t a t i o n ,   l o c a t e d  2.5 miles west 
of   the Hays  Lake Dam,  has  a 3,500-foot   intake  tunnel   conduct ing water t o  
two t u r b i n e s .  Normal head a t  t h e   s t a t i o n  i s  about  298 f e e t .  The 
i n s t a l l e d   g e n e r a t i n g   c a p a c i t y  i s  40.5 Mw. The Aguasabon genera t ing  
s t a t i o n  i s  connected by a 70-mile  110,000-volt   transmission  l ine  to  the 
Nipigon  River power p l a n t s  and t h e   p r o v i n c i a l   g r i d .   I n  1947 t h e  
Kimberly-Clark  Corporat ion,   then  sole   operators   of   the  Long Lac timber 
r igh t s ,   began   cons t ruc t ion  of a 272-ton p e r  day  bleached  sulphate m i l l  
and a 1,500-person  townsite a t  what is  now known as Terrace Bay. The 
pu lpmi l l   began   ope ra t ion   i n   1948 .  

4 .2 .4   Descr ipt ion  of   the  Present  Ogoki Diversion 

The Ogoki Diversion  connects   the  upper   port ion  of   the Ogoki River 
(which   or ig ina l ly   d ra ined   th rough  the   Albany  River   in to  James Bay) with 
the  headwaters  of t h e  L i t t l e  Jack f i sh   R ive r ,  which  f lows  into 
Lake  Nipigon  and  thence,   through  the  Nipigon  River,   into Lake Superior  a t  
a poin t   about  60 miles east of  Thunder  Bay,  Ontario  (Figure  4-2). The 
Waboose Dam on  the Ogoki River impounds t h e  water t h a t  would normally 
f low  nor thward   and   red i rec ts  i t  southward  into  Lake  Nipigon. Summit Dam 
was b u i l t   t o   c o n t r o l   t h e  rate of d i v e r s i o n   i n t o  Lake Nipigon,  Ontario 's  
l a rges t   i n l and   l ake .  

Located a t  Waboose Rapids   on  the Ogoki River ,  Waboose Dam impounds 
water from  5,390  square miles of  the  upper Ogoki R ive r   d ra inage   bas in   fo r  
d ive r s ion   sou thward .   Th i s   s t ruc tu re ,   i n   con junc t ion   w i th  several 
e a r t h f i l l   s i d e  dams r equ i r ed   t o   p reven t   f l ow  in to  low areas, e f f e c t i v e l y  
r a i s e d   t h e   l e v e l  of t h e   r i v e r  by 40 fee t  and  f looded  Mojikit  Lake wi th   an  
a d d i t i o n a l  10 f e e t  of water t o  form t h e  Ogoki r e s e r v o i r .  When a t  i t s  
normal n?aximum l e v e l  of   1 ,073 .0   fee t  (GSC), t he  Ogoki r e se rvo i r   occup ies  
a n  area of   about   103  square miles and  has a normal  storage capaci ty  of 
about  5,910  cfs-months,   but i t  h a s   r e l a t i v e l y  l i t t l e  r e t e n t i o n   c a p a c i t y .  
The normal   operat ing  range i s  6.0 feet .   During  per iods  of   high water on 
Lake  Nipigon, water i s  spi l led  northward  through  the Waboose Dam. 

A channel  was excavated  through  the  height-of- land  southeast  of 
Moj ik i t  Lake t o  p a s s  water d iver ted   f rom  the  Ogoki River  southward 
through a s t r i n g  of small l a k e s   i n t o   t h e  L i t t l e  Jackf i sh   River .  T t  i s  
he re   t ha t   t he  Summit D a m  cont ro ls   the   d ivers ion   f low  through  the  L i t t l e  
Jackfish  River   into  the  second  reservoir   on  the  system,  Lake  Nipigon.  

Lake  Nipigon i s  65   mi les   long ,  4 0  mi l e s  wide  and  has a water s u r f a c e  
area of   about   1 ,750  square miles. The l ake   has  a mean depth  of   180  feet  
and a normal   s torage   capac i ty  of 73,790  cfs-months.  Ontario  Hydro,  under 
a l i c e n c e  of occupat ion  issued  and  adminis tered by the   Ontar io   Minis t ry  
of Natura l   Resources ,   regula tes   the  levels of Lake  Nipigon t o  a maximum 
e leva t ion   o f   855   f ee t  (GSC) and  within a normal   operat ional   range  of  
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850-854 f e e t  (GSC).  The lake   has   one   d ra inage   ou t le t ,   the   Nip igon  
River.   Control  of Lake  Nipigon levels  p reda te s   t he   d ive r s ion  by 18 yea r s  
when the   Vi rg in  F a l l s  Darn was cons t ruc ted  a t  t he  Lake  Nipigon o u t l e t   t o  
c o n t r o l   t h e  water supp ly   t o   t he  Cameron F a l l s   g e n e r a t i n g   s t a t i o n  
downstream  of t h e   l a k e   a n d   t o   a s s i s t   l o g   d r i v i n g .  Flows o u t  of Lake 
Nipigon are r e g u l a t e d   p r i m a r i l y   f o r  power generat ion  and are only 
i n d i r e c t l y   i n f l u e n c e d  by the   quan t i ty  of t he   d ive r s ion   i n f low.  

Between Lake  Nipigon  and  Lake  Superior,  the f a l l   i n   t h e  Nipigon  River 
i s  about  250 f e e t ,   o f  which 237 f e e t  are u t i l i z e d   a t   t h r e e  hydro-power 
p l a n t s  - Pine  Portage,  Cameron Fal ls   and  Alexander .  The Nipigon  River 
was f i r s t   u s e d   f o r   t h e   p r o d u c t i o n  of hydro-e lec t r icpower   in   1920 when the  
Cameron F a l l s  g e n e r a t i n g   s t a t i o n  began  operation. The p r e s e n t   i n s t a l l e d  
c a p a c i t y  a t  t h a t   s t a t i o n  i s  72.0 MW. In  1930, 65.2 MU was i n s t a l l e d  a t  
t he   A lexande r   gene ra t ing   s t a t ion   1 .5  miles downstream  of t h e  Cameron 
F a l l s   s t a t i o n .   P i n e   P o r t a g e   g e n e r a t i n g   s t a t i o n ,   t h e  la tes t  a d d i t i o n  t o  
the   system, was b u i l t   n e a r   t h e   o u t l e t   o f  Lake  Nipigon i n  1950. T t  has   an  
i n s t a l l e d   c a p a c i t y  of 128.7 MW, b r i n g i n g   t h e   t o t a l   i n s t a l l e d   c a p a c i t y   f o r  . 
t h e   r i v e r   t o  265.9 MW. With the   cons t ruc t ion   o f   P ine   Po r t age ,   t he   u se   o f  
t h e   V i r g i n   F a l l s  Darn t o   c o n t r o l  Lake  Nipigon l e v e l s  became redundant. 
Since  then  the  levels   have  been  regulated by the  f lows  through  the  Pine 
Por t age   s t a t ion .  

4.2.5  Environmental  Conditions 

The Long Lac and Ogoki D ive r s ion   p ro j ec t  areas are i n   n o r t h w e s t e r n  
On ta r io   i n   t he   phys iog raph ic   r eg ion  known as the  Canadian  Shield,  a v a s t  
r eg ion  of eroded  igneous,  sedimentary  and  metamorphic  rocks. The 
landscape i s  m a i n l y   o n e   o f   r o l l i n g   r e l i e f ,   w i t h  a fo re s t - cove red   t e r r a in  
of rock  knobs  and h i l l s   c o n t a i n i n g  a myriad  of  lakes  and bogs i n   t h e  
depress ions   and   va l leys .  

Tn r e c e n t   g e o l o g i c a l  time, glaciat ions  have  modif ied  the  landscape,  
sc rap ing  some rock   sur faces   bare   and   leav ing   ex tens ive   depos i t s  of t i l l  
moraine,   and  outwash  and  glacio- lacustr ine  sands,   gravels   and  c lays  
elsewhere.  

Northwestern  Ontario i s  spa r se ly   i nhab i t ed .  Most economic a c t i v i t y  
i s  r e l a t e d   t o   r e s o u r c e   e x t r a c t i o n   i n d u s t r i e s   s u c h  a s  pulp  and  paper, 
fo re s t ry ,   min ing  and   hydro-e lec t r ic   p roduct ion .   Tour i sm  and   ou t f i t t ing  
ope ra t ions  are impor t an t   t o   t he   r eg ion ' s  economy.  Income i s  a l s o  
generated  f rom  the  t rapping of fu r -bea r ing   an ima l s   and   comerc ia l   f i sh ing .  

Unt i l   recent ly ,   there   had   been  l i t t l e  d e t a i l e d   i n v e s t i g a t i o n  of the  
e f f e c t s  of the   d ivers ion   pro jec ts .   Recent ly ,   severa l   comprehens ive  
s tudies   have   been   car r ied   ou t   and   repor ted  by Bridger   (1978)(20) ,   Peet  
(1978)  (21)  and P e e t  and Day (1980)  (22). A rev iew  of   these   s tud ies  
indicates   that   the   major   impacts   have  resul ted  f rom  the  construct ion of 
d i v e r s i o n   s t r u c t u r e s   o n   t h e  main stem r ive r s ,   t he   cons t ruc t ion   and  
a l t e r a t i o n  o f   d ive r s ion   channe l s ,   t he   c r ea t ion   o f   r e se rvo i r s ,   t he   g rea t ly  
a l te red   f low  reg imes   and   the   use  of waterways  f o r   l o g   t r a n s p o r t a t i o n .  
Some de ta i l s   on   t he   env i ronmen ta l   cond i t ions   and  impacts of t h e  Long Lac 
and Ogoki Divers ions  are con ta ined   i n   t he   fo l lowing   pa rag raphs .  
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Long Lac  Diversion 

Downstream  of t he  Kenogami River   Control  Dam and  the Hays Lake D a m  on 
the  Aguasabon River ,   reduced  f lows  occur   in   bedrock  and  coarse   gravel  
cont ro l led   channels .  The f low  reduct ion   in   these   sec t ions   has   caused  
changes ,   i nc lud ing   d i s rup t ions   t o   f i sh   spawning  areas. Increased  and 
reversed  f lows  have  changed  the ten-mile sec t ion   o f   t he  Kenogami River 
south   o f   the  Kenogami Dam from a r i v e r i n e   t o  a lacustr ine  environment .  
Due t o   t h e   a l t e r e d   f l o w   r e g i m e  and l e v e l s ,   t h e r e  have  been  changes i n  
spec ie s   compos i t ion   and   d ive r s i ty  of f lo ra   and   fauna .  The f looding   has  
c r e a t e d  a 140-acre marsh  which  has  been  designated as e c o l o g i c a l l y  
s e n s i t i v e   d u e   t o   t h e   l a r g e  area and   d ivers i ty   o f   f lo ra   and   fauna .   In  
Long Lake i t s e l f ,  a r t i f i c i a l l y   m a i n t a i n e d   h i g h  water l e v e l s   c o n t r i b u t e   t o  
sho re   e ros ion   i n   f i ne -g ra in   depos i t s   and   have   necess i t a t ed  some s h o r e l i n e  
pro  tec   t ion.  

The d ive r s ion   channe l ,  which c o n s i s t s  of t h r e e   c a n a l   c u t s  and  four 
small l a k e s ,  was l a r g e l y   c o n s t r u c t e d   i n   c o a r s e   g r a v e l s   w h i c h  are not  
e a s i l y   e r o d e d .  The r ema in ing   d ive r s ion   rou te   t o   t he  Hays Lake r e s e r v o i r ,  
which  consis ts   of  17 miles of  Aguasabon  River  channel, i s  i n  similar 
material. However, some a d d i t i o n a l   e r o s i o n   i n   r i v e r   m e a n d e r s   h a s  
occurred as  a r e s u l t   o f   t h e   f l o w   i n c r e a s e s ,   a n d   t h i s  i s  c o n t r i b u t i n g   t o  
s e d i m e n t a t i o n   i n   t h e  Hays  Lake r e s e r v o i r .  The t r a n s p o r t  of logs  down the  
d i v e r s i o n   c h a n n e l   a l s o   c o n t r i b u t e s   t o   e r o s i o n .  Downstream exchanges  of 
f i s h  and  other   fauna are poss ib l e  now between  the James Bay watershed  and 
the  Aguasabon River; however,  upstream  migration i s  prevented by high 
f low  ve loc i t i e s   and   t he   r egu la t ing  dam. 

The  Hays Lake r e s e r v o i r  area, l i k e   t h e   d i v e r s i o n   c h a n n e l ,  i s  l a r g e l y  
man-made, and w a s  c r e a t e d  by rais ing  the  former  Blue  Jay Lake 
approximately  55 fee t  and  inundat ing Big Duck Creek  and a port ion  of   the 
Aguasabon River.  Most po ten t ia l   envi ronmenta l   p roblems were foreseen  and 
avoided  in   the  construct ion  of   the  reservoir .   Al though  the  shores ,   which 
c o n s i s t  of coarse  gravels,   moraine  and  exposed  bedrock,  do  not  represent 
a ser ious   e ros ion   problem,   por t ions   have   been   s tab i l ized .  The r e s e r v o i r  
has  a 15-foot  operating  range  and  has l i t t l e  r e c r e a t i o n a l   u s e .  Impacts 
a s s o c i a t e d   w i t h   t h e   r e s e r v o i r   i n c l u d e   c h a n g e s   i n   f i s h   s p e c i e s   a n d   t h e  
r e s e r v o i r ' s  a c t i o n  a s  a s e t t l i n g  bas in ,  reducing outflows of suspended 
matter and   t u rb id i ty .  

Ogoki Diversion 

The Waboose Dam has   c r ea t ed  a mixed r i v e r  and l ake  impoundment, 
i n u n d a t i n g   t h e   r i v e r   s e c t i o n  by up t o  40 f e e t  and  Mojikit  Lake by about 
10 f e e t .  Thus the  inundat ion  impacts  are less pronounced  on  the  lake. 

Immediately  below Waboose Dam, f a s t  water h a b i t a t   t h a t  was once 
impor tan t   for   f i sh   she l te r   and   f i sh   food   product ion   has   been   exposed   for  
per iods   o f  up t o   s e v e r a l   y e a r s .  Releases from Waboose Dam, which are 
usua l ly   o f   one   to   four   months '   dura t ion   in  late sp r ing  and e a r l y  summer 
of   high  runoff   years ,   impact   on  s low moving organisms i n   s t a g n a n t   p o o l s ,  
sweep away s i l t  accumula t ion   and   aquat ic   p lan ts   and   inh ib i t   r ipar ian  
v e g e t a t i o n   l o c a l l y .  
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The upper 2 2  miles of t h e   d i v e r s i o n   r o u t e  down the  L i t t l e  J a c k f i s h  
River  from  Mojikit  Lake cons i s t s   o f  a series of s h o r t   s t e e p   r a p i d s  
connect ing a system  of  narrow  lakes.   Because  the  path  of  the  diversion 
i s  o v e r   e r o s i o n   r e s i s t a n t  materials such as boulders,   moraine  or  bedrock, 
the   d ivers ion- induced   e f fec ts  are r e l a t i v e l y   s l i g h t .  On the   o ther   hand ,  
the  lower  nine-mile   sect ion  of   the  route   occupies  a narrow,  eroded 
meandering  valley  of  unconsolidated  sediments.  The r i v e r   h a s  downcut 
th rough  these   th ick   unconsol ida ted   sand   depos i t s   and ,  two miles above  the 
mouth, has  downcut t o   l a k e  level .  The lower L i t t l e  J a c k f i s h   R i v e r   b i o t i c  
system  has   been  subjected  to   extreme  and  diverse   physical   d is turbances 
including  high  suspended s i l t  concent ra t ion ,   channel  bed and  bank 
scouring  and  wide  f low  f luctuat ions.   ' I t   has   been  es t imated  that  up t o  30 
mi l l i on   cub ic   ya rds  of glacio-lacustrine  sediment  have  been removed i n  
t h e   l o w e r   r i v e r   s e c t i o n   s i n c e   t h e   i n c e p t i o n   o f   t h e   d i v e r s i o n ,  much of i t  
d u r i n g   t h e   f i r s t   f e w   y e a r s   o f   o p e r a t i o n .   T h i s   h a s   r e s u l t e d   i n   t h e  
depos i t i on   o f  material, f o r m i n g   d e l t a i c   i s l a n d s  a t  t he  mouth o f   t h e   r i v e r  
i n  Ombabika Bay a t  the   nor th   end  of Lake  Nipigon,  and  increases 
t u r b i d i t y   i n   t h e  bay. 

4.2.6 Amount of   Diversion  and  Limitat ions 

The Long Lac Diversion  began in   January  1941,   and  the Ogoki Diversion 
s t a r t e d   a b o u t  two-and-a-half yea r s  later i n   J u l y  1943.  Frou  July  1943  to 
December 1979,  the combined d ivers ion   has   averaged   5 ,590   c fs .  The 
maximum and minimum annual  combined divers ions  have  been  8 ,020 cfs  and 
2,530  cfs , respect ively.   Since  January  1941,   the  supply  to  Long Lake has 
been  approximately  1 ,700  cfs .  Of t h i s  amount,   1,420  cfs  has  been 
d ive r t ed   sou thward   i n to  Lake Superior   and  the  remainder ,  280 c f s ,  has 
been   sp i l led   nor thward  down the  Kenogami and  Albany  Rivers  into James 
Bay. On a monthly mean b a s i s ,   t h i s   d i v e r s i o n   t o  Lake Super ior   has   var ied  
between a minimum of   65  cfs   and a maximum of   3 ,500  cfs .   Physical ly ,   the  
Long Lac d i v e r s i o n  sys t em i s  l i m i t e d  by s e v e r a l   f a c t o r s :   t h e   s i z e  of t h e  
watershed,   about   1 ,690  square miles; t h e   r e l a t i v e l y  small s t o r a g e  
capac i ty   o f  Long Lake,  about  4,190  cfs-months;   the  normal  range of 
regula t ion   f rom  1 ,021 .0   to   1 ,028 .4   fee t  (GSC), o r  7.4 f e e t ;   a n d ,   t h e  
minimum required  f low  of  800 c f s  through  the   s lu iceway  for   log   d r iv ing .  

Normally a l l  of   the Ogoki water i s  diver ted  southward  to  Lake 
Nipigon. However, there are t i m e s  dur ing   excess   in f low  to  Lake  Nipigon 
when t h e   d i v e r s i o n  i s  p a r t i a l l y   o r   c o m p l e t e l y   c l o s e d .  The d i v e r s i o n  i s  
r educed   t o   4 ,000   c f s  when the  Lake  Nipigon  elevation  reaches  854.0  feet  
(GSC) and i s  shut   off   completely when i t  reaches   854 .5   fee t  (GSC). This  
p recau t ion   aga ins t   f l ood ing  i s  necessary  because  the  outf low  f rom Lake 
Nip igon   canno t   exceed   20 ,000   c f s   due   t o   ve loc i ty   r e s t r i c t ions  a t  t he  
Canadian  Pacif ic   Rai lway  br idge.   Since  1943,   the  divers ion  has   been 
c losed   or   reduced   in   f low  approximate ly  20 t imes.  The Ogoki r e s e r v o i r  i s  
then   permi t ted   to  rise t o   t h e  maximum leve l   o f   1 ,073 .67   f ee t  (GSC) and 
the   excess   in f low i s  s p i l l e d  down the  Ogoki R ive r   i n to   t he  Hudson Bay 
watershed. The ave rage   i n f low  to   t he  Ogoki r e s e r v o i r   s i n c e   J u l y  1943 has 
been  about 5,000 cfs ;   4 ,150   c fs   has   been   d iver ted   southward  t o  Lake 
Super ior   and   the   remain ing   850   c fs   sp i l led   nor thward  down the  Ogoki 
River.   Monthly  diversions  from  the Ogoki reservoir   have  var ied  f rom 
2,000 c f s   t o  15 ,000   c fs .  However, t h e   q u a n t i t i e s   d i v e r t e d  from the  Ogoki 
River   in   any  month are n o t  n e c e s s a r i l y   r e p r e s e n t a t i v e  of the  amounts  of 
d i v e r t e d  water reaching Lake Superior  i n  t h a t  month s i n c e  water i s  s t o r e d  
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i n  Lake  Nipigon f o r  la ter  release through  the power p l a n t s   d u r i n g   f a l l  
and  winter  months when in f low i s  low. Since  the Summit Cont ro l  Dam i s  
l e f t  wide  open as long as  t h e   e l e v a t i o n  of Lake  Nipigon i s  below 
854.0 f e e t  (GSC), the   annual   d ivers ion  i s  l imi t ed   on ly  by the   s to rage  
capac i ty   o f   t he  Ogoki r e se rvo i r   and   t he   d i scha rge   capac i ty   o f  Summit Dam. 

During  the  per iods of h igh  water l e v e l s  on t h e  Great Lakes in   1951,  
1952,  1953  and  again i n   t h e   e a r l y   1 9 7 0 s ,   t h e  Ogoki Diversion was c losed  
o f f   e n t i r e l y   o r   o p e r a t e d  a t  reduced  capaci ty .   There i s  no i n t e r n a t i o n a l  
con t ro l   exe rc i sed   unde r   t he  Boundary Waters T r e a t y  over   these 
d ive r s ions .  However, t h e  amounts  of water d ive r t ed   a r e   r epor t ed   t o   t he  
I n t e r n a t i o n a l   J o i n t  Commission by t h e   I n t e r n a t i o n a l  Lake Superior  Board 
of Control .  

4.2.7 Hydrologic   Ef fec ts  of Exis t ing   Divers ions  

The d ivers ions   th rough  the  Long Lac and Ogoki Diversion  Projects   have 
inc reased  Lake S u p e r i o r ' s   n a t u r a l   s u p p l y  and  decreased  that  of the  Albany 
River   bas in .   S ince   the   meteoro logica l   condi t ions   in   the   d iver ted  
watershed are similar t o   t h o s e  which e x i s t   i n   t h e  Lake Supe r io r   bas in ,   i n  
per iods  of   drought   there  i s  l i t t l e  oppor tun i ty   t o   b r ing   ex t r a  water from 
t h i s   s o u r c e   i n t o   t h e  sys t em when low supply   condi t ions  would make i t  
advantageous  to  do so.  The u l t i m a t e   e f f e c t  of t hese   d ive r s ions   on   t he  
Great Lakes sys t em,  a s  a whole,  has  been t o   i n c r e a s e   t h e   l e v e l s   o f   t h e  
l a k e s  as a r e s u l t  of i n c r e a s i n g   t h e i r   s u p p l i e s .  However, s ince   t he  
regulation  plans  on  Lakes  Superior  and  Ontario  have  been  designed  to  take 
in to   accoun t   t hese   i nc reased  water supp l i e s ,   t he  maximum cr i ter ia  l e v e l s  
are unaf fec ted  by these   d ive r s ions .  

4.3  Lake  Michigan  Diversion a t  Chicago 

4.3.1  General  

The Lake  Michigan  Diversion a t  Chicago,  under way s i n c e   t h e   e a r l y  
1 8 0 0 ~ ~  has   involved   the   d ivers ion   of  water from  Lake  Michigan  or i t s  
ad jacent   l and  areas fo r   va r ious   pu rposes  - water supply,  sewage d i s p o s a l ,  
power generat ion  and  navigat ion.  

4.3.2  History 

The I l l i n o i s ,   D e s P l a i n e s  and  Chicago  Rivers were used  for   canoe 
t r a f f i c  as e a r l y  as  1816,  and, by 1840,  steamboats were common on  the 
I l l i n o i s   R i v e r  be low  Peor ia .   Recogniz ing   the   po ten t ia l   for   in te rs ta te  
commerce o n   t h e   I l l i n o i s   R i v e r ,   t h e  U.S. Congress, i n  1822 ,  passed  an 
improvement a c t  which   au thor ized   the   d ivers ion  of Lake  Michigan water a t  
Chicago  and made poss ib le   the   cons t ruc t ion   of   the   I l l ino is   and   Michigan  
Canal.  Completion of the   cana l   in   1848  enabled  muledrawn b a r g e s   t o  
t ravel   between  Lakes  Michigan  and  LaSal le ,   and  revolut ionized  passenger  
a n d   f r e i g h t   t r a f f i c ,   a n   i n i t i a l   s t e p   i n  making  Chicago a major 
t r a n s p o r t a t i o n   c e n t r e .   P r i o r   t o   1 9 0 0 ,  low dams were b u i l t  a t  f i v e  
loca t ions   a long   t he   r i ve r ,   i nc lud ing  Marseilles and  LaGrange. The 
primary  purpose  of  four  of  these dams w a s  t o  improve  navigation  and  the 
f i f t h ,  a t  Marseilles, was b u i l t   f o r  power generation.  These dams were 
la ter  rep laced  by h ighe r   nav iga t ion  dams. Up to   1900,  water d ive r t ed  
from  Lake  Michigan t o   t h i s   c a n a l  system averaged  about 500 c f s .  
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The Chicago  Sanitary  and  Ship  Canal was completed i n  1900,   replacing 
the   I l l ino is   and   Michigan   Canal  as  f a r  as Lockport. The c a n a l  was 
c o n s t r u c t e d   p r i m a r i l y   f o r  sewage d i sposa l ,   s econda r i ly   fo r   nav iga t ion .  
The completion of the  Calumet-Sag  Channel i n  1922 d i v e r t e d   i n d u s t r i a l  
wastes from the  Calumet   River   into  the  Chicago  Sani tary  and  Ship Canal 
above  Lockport .   Construction  of  the two c a n a l s  made i t  p o s s i b l e   t o  
d i v e r t   p o l l u t a n c s   t o   t h e   I l l i n o i s   R i v e r   s y s t e m   a n d  away from  Lake 
Michigan  which  provides  Chicago's water supply.  Upon completion  of  the 
Sani tary  and  Ship  Canal ,   d ivers ions  progressively  increased  to  a maximum 
annual   average of about  10,000 c f s  i n  1928. 

This   divers ion  concept   has   been a c o n t r o v e r s i a l   i s s u e .   I n   1 9 2 2 ,   t h e  
S t a t e  of   Wiscons in   successfu l ly   sought   an   in junc t ion   to   bar   the   S ta te  of 
I l l i n o i s  from d i v e r t i n g  Lake  Michigan water. However, i n  1925,  the U.S. 
Supreme Cour t   over turned   the   in junc t ion   and   d ivers ion  was allowed, 
s u b j e c t   t o  War Department  conditions,  a t  an   average  rate o f   8 , 5 0 0   c f s   i n  
a d d i t i o n   t o   d o m e s t i c  pumping. Other  decrees  were  issued by the  U.S. 
Supreme Court i n  1930  and  1967  and aga in  amended i n  1980. The 1930 
dec ree   r equ i r ed   t he   S t a t e   o f   I l l i no i s   and   t he   Me t ropo l i t an   San i t a ry  
District of Greater Chicago (MSDGC) to   r educe   d ive r s ion  of water from 
Lake  Michigan, i n   a d d i t i o n   t o   d o m e s t i c  pumpage, acco rd ing   t o   t he  
fol lowing  schedule:   (1)  on and a f t e r   J u l y  1, 1930,  an  annual  average of 
6,500 c f s ;   ( 2 )   o n   a n d   a f t e r  December 31,  1935,  an  annual  average of 
5 ,000   c fs ;   (3)   on   and   a f te r  December 31,  1938,  an  annual  average of 
1,500 c f s .  A s  a r e s u l t  o f   t h i s   d e c r e e ,   t h e   t o t a l   d i v e r s i o n   a f t e r  1938 
was of   the  order   of   3 ,100  cubic   feet   per   second.  The 1967 decree   ra i sed  
t h e  maximum a l l o w a b l e   t o t a l   d i v e r s i o n  t o  3,200  cfs  but  added  domestic 
pumpage q u a n t i t i e s   i n t o   t h i s  limit. The  Calumet-Sag Channel was improved 
for   naviga t ion   dur ing   the   1960s   th rough  to   the   deep   draf t  Calumet Harbour 
and  River  on  the  south  side  of  Chicago. The 1980 amendment l e f t   t h e  
maximum a l l o w a b l e   t o t a l   d i v e r s i o n  a t  3 ,200  cfs ,   but   modif ied  the method 
o f   a c c o u n t i n g   f o r   t h i s  amount. 

4 .3 .3   Descr ipt ion of the  Present  Diversion  System 

Diversion  of  water from t h e  Great Lakes  drainage  basin  occurs a t  
C h i c a g o ,   I l l i n o i s ,   t h r o u g h   t h e   I l l i n o i s  Waterway t o  the   Miss i ss ippi   River  
and  the  Gulf of Mexico.  The T l l i n o i s  Waterway extends  from  the 
M i s s i s s i p p i  River a t  G r a f t o n ,   I l l i n o i s ,   ( 3 8  miles upstream of St. Louis ,  
M i s s o u r i )   t o   C h i c a g o ,   I l l i n o i s ,  a d is tance   o f  326 miles, and  has a 
n a t u r a l   d r a i n a g e  area of  about  29,000  square miles. I t  provides  a 
nine-foot   depth  navigat ion  channel   between  the Great Lakes- S t .  Lawrence 
dra inage   bas in   and   the   Miss i ss ippi   River   ( see   F igure   4 -3) .  The I l l i n o i s  
River  forms  the  major  part  of t h e   T l l i n o i s  Waterway. 

The I l l i n o i s  Waterway i s  maintained by e ight   locks   and  dams which, 
e x c e p t   f o r   t h e  dam s t r u c t u r e  a t  L o c k p o r t ,   I l l i n o i s ,  are owned and 
opera ted  by the  Corps of Engineers.  The dam s t r u c t u r e  a t  Lockport ,   the  
lock   and   con t ro l l i ng  works a t  t h e  mouth  of the  Chicago River, and a 
d i v e r s i o n   s t r u c t u r e  a t  Wilmette, I l l i n o i s ,  a t  t he   j unc t ion  of the 
Northshore  Channel  and  Lake  Michigan, are owned and  operated by the  
M e t r o p o l i t a n   S a n i t a r y   D i s t r i c t  of Greater Chicago.  Table 4-1 g ives  some 
s t a t i s t i c a l  da ta   on   the   locks   and  dams along  the  waterway. The d i v e r s i o n  
of Lake  Michigan water in to   the   above   descr ibed   sys tem  occurs  a t  the 
Wilmette Pumping Stat ion,   the   Chicago  River  Lock and  Control l ing Works, 
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Table 4-1 
PERTINENT DATA ON THE LOCKS AND DAMS ALONG THE ILLINOIS WATERWAY 

Lock  and Dam(1) 

LaGrange Lock & Dam 

Peor ia  Lock & Dam 

Starved Rock Lock & Dam 

M a r s e i l l e s  Lock 

Marseilles Dam 

Miles Above 
Mouth 

80.2 

157.7 

231.0 

244.6 

247.0 

Dresden  Island Lock & Dam 271.5 

Brandon Road Lock & Dam 286.0 

Lockport Lock  291.1 

Lockport D a m  291.1 

O'Brien Lock & Dam(2) 330.0 

Chicago  River Lock( 2 330.0 

Wilmette Pumping S t a t i o n ( 2 )  - 

Year 
Completed 

1939 

19 39 

193 3 

19  33 

1933 

19  33 

193 3 

19 33 

1905 

19  65 

19 38 

Drainage 
Area 

(Square  Miles) 

25,300 

13,900 

10,300 

7,640 

7,630 

6,600 

1,450 

740(4) 

740(4) 

0 

0 

0 

Upper ~ 0 0 1 ( 3 )  
Eleva t ion  
( F e e t )  

429.0 

440.0 

458.54 

482.79 

504.54 

538.54 

577.48 

NOTES : 

(1)These  locks  and dams are F e d e r a l   s t r u c t u r e s   w i t h   t h e   e x c e p t i o n  of t he  
Lockport Dam, Chicago  River Lock, and Wilmette Pumping Sta t ion   which  are owned 
and  operated by M e t r o p o l i t a n   S a n i t a r y   D i s t r i c t  of Greater Chicago. 

( 2 ) T h e s e   s t r u c t u r e s   c o n t r o l   t h e   d i r e c t   d i v e r s i o n   f r o m  Lake Michigan a t  Chicago. 

(3)Elevat ions  based  on MSL (1929 A d j . ) .  

(4)673  square miles are Lake  Michigan  diverted  watershed. 
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and  the  Thomas 3. O'Brien Lock  and Con t ro l l i ng  Works, t h e   l o c a t i o n   o f  
which are shown on   F igure  4-4, and a t  the  23  domest ic  water i n t a k e  
s t r u c t u r e s   i n   I l l i n o i s .  The w i d t h   o f   t h e   I l l i n o i s  Waterway v a r i e s   f r o m  
400 f e e t ,   u p s t r e a m   o f   L a S a l l e ,   I l l i n o i s ,   t o   1 , 4 0 0   f e e t   n e a r   t h e  mouth a t  
Graf ton ,   I l l ino is ,   except   th rough  Peor ia   Lake   where  i t  expands  to  one 
mile wide. The n a t u r a l   d r o p   i n   e l e v a t i o n  of t h e   I l l i n o i s  Waterway i n   t h e  
49 miles from  the  junct ion  of   the  Kankakee  and  DesPlaines   Rivers   to   the 
h e a d   o f   t h e   a l l u v i a l  va l l ey  a t  LaSa l l e ,  i s  a b o u t   5 3   f e e t .  From L a S a l k  
t o   P e o r i a ,   I l l i n o i s ,  a d i s t a n c e  of  61.5 miles, t h e   f a l l  i s  on ly   fou r  
f e e t ;   a n d   f r o m   P e o r i a   t o   t h e  mouth  of  the waterway a t  Graf ton ,  a d i s t a n c e  
of  162.6 miles, t h e   f a l l  i s  2 8   f e e t .  

Naviga t ion  i s  a n   i m p o r t a n t   e c o n o m i c   f a c t o r   o f   t h e   I l l i n o i s  Waterway. 
The locat ion  of   the  waterway  makes i t  a ma jo r   condu i t   fo r   t he  movement of 
a g r i c u l t u r a l   a n d   i n d u s t r i a l   c o m m o d i t i e s   s u c h  as coa l ,   pe t ro l eum,   g ra in ,  
sand   and   grave l .  A s  t h e   c o n n e c t i n g   l i n k   b e t w e e n   t h e  Great Lakes  and  the 
Miss i ss ippi   River   naviga t ion   sys tems,   the   waterway  handled  47 m i l l i o n  
tons   o f  commerce i n  1976. A l l  o t h e r  modes of i n t e r c i t y   f r e i g h t  
t r a n s p o r t a t i o n   i n c l u d i n g   r a i l r o a d s ,   t r u c k s ,   p i p e l i n e s   a n d   a i r l i n e s ,  are 
a l s o   a v a i l a b l e   i n   t h e   b a s i n .  The popu la t ion  of t h e   I l l i n o i s   R i v e r   b a s i n  
t o t a l e d   a l m o s t  10 m i l l i o n   i n  1970,  with 83 pe r   cen t   o f   t he   popu la t ion  
be ing   urban .  The b a s i n   p o p u l a t i o n  i s  p r o j e c t e d   t o   e x c e e d   1 5   m i l l i o n  by 
2020. 

M a n u f a c t u r i n g   a c c o u n t s   f o r   t h e   l a r g e s t   p e r c e n t a g e   o f   t o t a l   e a r n i n g s  
i n   t h e   b a s i n ,   w i t h   a g r i c u l t u r e   b e i n g   r e l a t i v e l y   i n c o n s e q u e n t i a l   i n   t h e  
Chicago  and  Northwestern  Indiana  Metropol i tan areas. Uowever, 
a g r i c u l t u r e  i s  much more  important i n   t h e   b a s i n   o u t s i d e   t h e s e  
m e t r o p o l i t a n   a r e a s ,   w i t h   a b o u t  70 p e r   c e n t   o f   t h e   b a s i n   a r e a   u t i l i z e d   f o r  
a g r i c u l t u r a l   p r o d u c t i o n .  The p r imary   p roduc t s   a r e   g ra in   and   l i ves tock .  

Two hydro-power g e n e r a t i n g   f a c i l i t i e s   l o c a t e d  a t  Lockport  and 
Marseilles, I l l i n o i s ,   u s e   I l l i n o i s   R i v e r   f l o w s   t o   d r i v e   u n i t s   w i t h  a 
t o t a l   i n s t a l l e d   c a p a c i t y   o f   a b o u t   1 5 , 5 0 0  KW. 

The I l l i n o i s   R i v e r   v a l l e y  i s  one  of   the  most   important  areas f o r  
mig ra t ing   wa te r fowl   i n   t he   Un i t ed   S t a t e s ,   and   mone ta ry   expend i tu re s  by 
sportsmen are i m p o r t a n t   t o   t h e  economy o f   t he   bas in .  

Commercial f i s h i n g  i s  i n s i g n i f i c a n t   t o d a y   o n   t h e   I l l i n o i s   R i v e r .  
R e c r e a t i o n a l   f i s h i n g ,   b o a t i n g   a n d   a s s o c i a t e d   a c t i v i t i e s  are provided a t  
s t a t e  a n d   l o c a l   p a r k s ,   f o r e s t   d i s t r i c t s ,   a n d   c o n s e r v a t i o n   a n d  
r e c r e a t i o n a l  areas l o c a t e d   a l o n g   t h e   r i v e r .  

For   the   purpose   o f   eva lua t ion   of   impacts ,   the   waterway  has   been  
d i v i d e d   i n t o   f o u r   r e a c h e s   i n   d i f f e r e n t   p h y s i o g r a p h i c   s e c t o r s ,   w h i c h  are 
d e s c r i b e d  as  fo l lows  : 

( a )   Cana l   Reach .   Th i s   r each   ex tends   fo r  a d i s t a n c e   o f   4 1  miles from 
Lake  Michigan t o  Brandon Road Lock  and Dam, and   inc ludes   the   DesPla ines  
River  from  Brandon Road Lock to   Lockport   Lock;   the  Chicago  Sani tary  and 
Ship  Canal   to   Sag  Junct ion;   and  the  Calumet-Sag  Navigat ion  Project ,   Par t  
I ,  which  provides  a connec t ion   to   the   deep-draf t   p ro jec t   on   Lake   Calumet  
and   the   upper  limit of  Calumet  Harbour  via  the  Calumet-Sag  Channel,  the 
L i t t l e  Calumet  River  and  the  Calumet  River. An a l t e r n a t e   r o u t e   t o  Lake 
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Michigan i s  a l so   p rov ided   f rom Sag Junc t ion   t o   Ch icago   Harbour   v i a   t he  
Chicago  Sani tary  and  Ship  Canal   and  the  Chicago  River .  The waterway 
channels  occupy a p l a t e a u   e r o d e d   t o   S i l u r i a n   b e d r o c k   d u r i n g   P l e i s t o c e n e  
g l a c i a t i o n .  The sur rounding  area i s  h i g h l y   i n d u s t r i a l i z e d .   C u r r e n t  
v e l o c i t y  i s  g r e a t e r   i n   t h i s   r e a c h   t h a n   i n   t h e   l o w e r   r e a c h e s .   T h e r e  i s  a 
s u b s t a n t i a l   d i s c h a r g e   o f   v a r i o u s   u r b a n   e f f l u e n t s ,   c a u s i n g  water q u a l i t y  
t o  b e   r a t h e r   p o o r   a n d   c r e a t i n g   u n f a v o u r a b l e   c o n d i t i o n s   f o r   n a t u r a l  
h a b i t a t .   T h e r e   a r e   f e w   d e s i r a b l e   b i o l o g i c a l   r e s o u r c e s .  

( b )  Upper Va l l ey   Reach .   Th i s   r each   i nc ludes   t he   Dresden   I s l and ,  
Marseilles and   S t a rved  Rock poo l s   and   ex tends   fo r  a d i s t a n c e   o f  
5 5  miles. 'It l i e s  b e t w e e n   s t e e p   b l u f f s   w i t h i n  a r e l a t i v e l y   n a r r o w   v a l l e y  
o f   t h e   u p p e r   I l l i n o i s   R i v e r .  The r i v e r   g r a d i e n t  i s  s t e e p   a n d  water 
v e l o c i t y  i s  h igh .  Land u s e  i s  u r b a n ,   i n d u s t r i a l   a n d   a g r i c u l t u r a l .  Water 
q u a l i t y  i s  a f f e c t e d  by upstream  discharges,   augmented by a d d i t i o n a l  
i n d u s t r i a l   d i s c h a r g e s .   B i o l o g i c a l   r e s o u r c e s  are r e l a t i v e l y   p o o r .  
Aquat ic   and  benthic   communit ies  are n o t   d i v e r s e   a n d   t h e   a d j a c e n t  
t e r r e s t r i a l   h a b i t a t  i s  o f   r e l a t i v e l y  low  value.  

( c )  Mid-Valley  Reach.   This   reach,   which  extends  for  a d i s t a n c e   o f  
150 miles, inc ludes   the   Peor ia   and   LaGrange   Pools .  I t  i s  wide r   t han   t he  
upper   reach   and   conta ins  many bot tomland  lakes ,   ponds  and  s loughs.  Water 
v e l o c i t y  i s  s low,   and   t he  water q u a l i t y  i s  b e t t e r   t h a n   i n   t h e   u p p e r  
reaches .  Land u s e   c o n s i s t s   o f  a mix  of  farming  and  urbanization.  There 
a r e  many duck   c lubs ,   and   water fowl   hunt ing  i s  ve ry   impor t an t .   Th i s   r each  
c o n t a i n s   t h e   m o s t   v a l u a b l e   w i l d l i f e   h a b i t a t   a n d   b i o l o g i c a l   r e s o u r c e s .  

( d )  Lower Val ley  Reach.   This   reach  extends  f rom  the  LaGrange Dam t o  
G r a f t o n ,   I l l i n o i s ,  a d i s t a n c e   o f  80 miles, a n d   i n c l u d e s   t h e   A l t o n  Pool  of 
t h e   M i s s i s s i p p i   R i v e r .  The physiography i s  similar t o   t h a t   o f   t h e  
Mid-Valley  Reach,   but   the   r iver  i s  confined  between  levees .  The c u r r e n t  
i s  s lower  than  the  Mid-Valley  Reach  and  the water q u a l i t y  i s  b e t t e r .  
Mos t   o f   t he   f l oodp la in  i s  d e v o t e d   t o   a g r i c u l t u r e   a n d   w i l d l i f e   h a b i t a t   a n d  
n a t u r a l   b i o l o g i c a l   r e s o u r c e s  are less e x t e n s i v e   t h a n   i n   t h e   M i d - V a l l e y  
Reach. 

4.3.4  Environmental  Components of t h e   I l l i n o i s  Waterway 

The env i ronmen ta l   componen t s   o f   t he   I l l i no i s  Waterway are c l a s s i f i e d  
i n t o   f o u r   m a i n   g r o u p s :   g e o g r a p h i c ,   a b i o t i c ,   b i o t i c   a n d   a n t h r o p i c .  The 
p r i n c i p a l   c h a r a c t e r i s t i c s  of these   g roups  are b r o a d l y   d e s c r i b e d ,  as  
f o l l o w s  : 

(a)   Geographic   Components .   This   group  includes  (1)   land  use,  
( 2 )  ecosystems,   and ( 3 )  s p e c i a l   o r   s e n s i t i v e  areas. Land use  ranges  f rom 
h i g h l y   u r b a n i z e d   a n d   i n d u s t r i a l i z e d   t o   a g r i c u l t u r a l .  The l o c a t i o n s   o f  
t h e   l a n d   u s e   t y p e s   h a v e   b e e n   i n d i c a t e d   i n   t h e   p r e v i o u s   d i s c u s s i o n   o n  
p r o j e c t   r e a c h e s .   T h e r e   a r e  two major   ca tegor ies   o f   ecosys tems:  
terrestr ia l  a n d   a q u a t i c .  Terrestrial e c o s y s t e m s   i n c l u d e   f o r e s t   h a b i t a t ,  
where   bo t tomland  fores t  t ree  spec ies   p redominate .   There  are e x t e n s i v e  
bot tomland  forests   a long  the  waterway,   which  have  both  economic  and 
w i l d l i f e   h a b i t a t   v a l u e s .   T h e r e  i s  a s u b s t a n t i a l   a c r e a g e  of  land  devoted 
to   ag r i cu l tu re .   A l so ,   ano the r   impor t an t   up land   ecosys t em i s  the   "mois t  
so i l   e cosys t ems" ,   wh ich   occu r   on   mudf l a t s   and   l akes ,   and   p rov ide   food   fo r  
w a t e r f o w l .   A q u a t i c   e c o s y s t e m s   c o n s i s t   o f   t h e   r i v e r   c h a n n e l   i t s e l f ,  
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marshes  and  backwater  lakes  which  provide  widely  diverse  conditions  and 
habi ta t s .   There  are twenty-three  areas  comprising  about  800  acres  which 
c o n t a i n   n a t u r a l  areas o r  are s i g n i f i c a n t   f o r   o t h e r   r e a s o n s .  

(b )   Ab io t i c  Components. The a b i o t i c  components  of  the area are (1)  
a tmospheric ,  ( 2 )  geologic ,   and ( 3 )  hydrologic .  The waterway  has a wide 
range of weather  and  temperature  conditions.   There are in tense   and  
frequent   s torms.   Prevai l ing  winds are wes ter ly ;  a i r  q u a l i t y  i s  v a r i a b l e ,  
depending upon in f luences  f rom  urban   and   indus t r ia l   a reas .   Pol lu tan ts  
are r ead i ly   d i spe r sed .  The g e o l o g i c   f e a t u r e s  of t h e  waterway  have  been 
determined by deposi t ion,   deformation  and  glaciat ion.   There are good 
s u p p l i e s  of groundwater  and  mineral   resources.  Most of t h e   s o i l s  are of 
the   loess   type .  The g e n e r a l   a s p e c t s  of the  hydrologic  elements  have  been 
broadly  discussed  under   "Descr ipt ion".  Not yet  mentioned,  however, i s  
t h e   f a c t   t h a t   s e d i m e n t a t i o n   h a s  had a s i g n i f i c a n t   i n f l u e n c e  on changing 
the   cha rac t e r  of t h e   r i v e r .  

( c )  B i o t i c  Components. The waterway con ta ins  much r i p a r i a n  
vegeta t ion   which   cons is t s  of  bottomland hardwood f o r e s t s .  About t h ree  
qua r t e r s   o f   t he   o r ig ina l   fo re s t   has   been  removed,  but a s u b s t a n t i a l  
ac reage   o f   va luab le   fo re s t  s t i l l  remains. The moist   soi l   communit ies  
which  occur  on  mudflats  support   annual  vegetation  which is  va luable  
waterfowl  food.   Plant   composi t ion i s  h igh ly   va r i ab le .  The marsh 
communities are dominated by perennia l   p lan t   spec ies .   These  are a l s o  
i m p o r t a n t   t o   w i l d l i f e .  The waterway hab i t a t   suppor t   d ive r se   popu la t ions  
Of mammals, b i r d s ,  r ep t i l e s ,  and  amphibians.  Aquatic  communities  have 
been   severe ly   d i s turbed  by man's a c t i v i t i e s   b u t  s t i l l  support  a 
r e l a t i v e l y   d i v e r s e   v a r i e t y   o f   v e r t e b r a t e s ,   i n v e r t e b r a t e s  and p l an t s .  
Some habi ta ts   of   threatened  and  endangered species are found  along  the 
waterway . 

( d )  Anthropic  Components.  This  category  includes  those  elements  of 
t he  human environment,  such as archaeology,  waterway  history,   commercial  
naviga t ion ,  power generation,  housing  and  commercial   structures,  
bot tomland  agr icul ture   and  duck  c lubs.  The I l l i n o i s   v a l l e y  i s  an 
extremely  important   archaeological  area and  contains  a g r e a t  many 
a rchaeo log ica l  s i tes ,  some of  which are h i g h l y   s i g n i f i c a n t ,   s u c h  as the  
K o s t e r   S i t e   n e a r   C a m p s v i l l e ,   I l l i n o i s .  The waterway  has always been 
important  as a t r anspor t a t ion   sys t em  fo r   eve ry th ing  from  canoes  and 
s teamboats   to  modern tugs  and  barges; i n  terms of  commercial  navigation, 
i t  i s  one of t he   mos t   heav i ly   u sed   r i ve r s   i n   t he   Un i t ed   S t a t e s .  TWO of 
t h e   e x i s t i n g  dams p r o d u c e   e l e c t r i c  power. Although  flooding  has  been a 
perennial   problem, many people s t i l l  r e s i d e   i n   t h e   f l o o d p l a i n .  
Bottomland s o i l s  are g e n e r a l l y   q u i t e   v a l u a b l e   f o r   a g r i c u l t u r e ,   e s p e c i a l l y  
when p ro tec t ed   f rom  f lood ing .   S imi l a r ly ,   t hese   so i l s  are v a l u a b l e   f o r  
waterfowl  refuge management and  waterfowl  hunting i s  popular  along  the 
waterway . 

4.3.5 Amount of Diversion  and  Limitat ions 

The e x i s t i n g  Lake  Michigan  Diversion a t  Chicago i s  based  upon a 1980 
m o d i f i c a t i o n   t o   t h e  1967 U.S. Supreme Cour t   decree .   Tota l   d ivers ions  
( inc luding   domest ic  pumpage) of  Lake  Michigan water i n t o   t h e   T l l i n o i s  
Waterway by the S t a t e  of ' I l l i no i s   and  i t s  m u n i c i p a l i t i e s  are l i m i t e d   t o  
an   average  of 3,200 c f s   o v e r  a 40-year  period. The a v e r a g e   d i v e r s i o n   i n  
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any  annual   account ing  per iod  shal l   not   exceed 3,680 c f s ,  excep t   t ha t  i n  
any two annual   account ing  per iods  within a fo r ty   yea r   pe r iod ,   t he   ave rage  
annua l   d ive r s ion  may not  exceed 3,840 c f s  a s  a resu l t   o f   ex t reme 
hydro log ic   cond i t ions .   Fo r   t he   f i r s t   t h i r ty -n ine   yea r s ,   t he   cumula t ive  
a l g e b r a i c  sum of   each  annual   account ing  per iod 's   average  divers ion minus 
3,200 c f s  i s  no t   t o   exceed  2,000 cfs-years .  

A l l  measurements  and  computations  required by t h i s   d e c r e e   s h a l l  be 
made by t h e   S t a t e  of I l l i n o i s ,   o r  by the  Corps  of   Engineers   subject   to  
agreement  with  and  cost-sharing by t h e   S t a t e   o f   T l l i n o i s   f o r  a l l  
reasonable   cos ts   inc luding   equipment ,   us ing   the   bes t   cur ren t   engineer ing  
practice and s c i e n t i f i c  knowledge. A l l  measurements  and  computations 
made  by t h e   S t a t e  of I l l i n o i s  are s u b j e c t   t o   p e r i o d i c   a u d i t  by the  Corps 
of   Engineers   with  an  annual   report   on  the  measurements   and  computat ions 
i s s u e d  by the  Corps  of  Engineers. 

Diversion  from Lake  Michigan  consists  of  three  components: 

( a )  Water supply  taken  from Lake  Michigan  and  used  for  domestic  and 
indus t r i a l   pu rposes   be fo re   be ing   d i scha rged   i n to   t he   r i ve r   and  canal 
system in   t he   Ch icago  area as  t r e a t e d  sewage; 

( b )  Runoff  from a 673  square mile land area of the  Michigan  basin 
which  once  drained  to  Lake  Michigan  but now d r a i n s   t o   t h e   r i v e r  and c a n a l  
sys tem;  and , 

( c )  Water e n t e r i n g   d i r e c t l y  from  Lake  Michigan i n t o   t h e   r i v e r  and 
cana l   sys t em  in   t he   Ch icago  area. T h i s   c o n s i s t s  o f :  

(1) water requi red   for   lockages  a t  the  Chicago  River Lock and 

( 2 )  l eakages   occur r ing  a t  the  Chicago  River  Lock,  O'Brien  Lock 

( 3 )  water t a k e n   i n   f o r   d i l u t i o n   p u r p o s e s  a t  the  Chicago  River 

( 4 )  nav iga t iona l  make-up water, r equ i r ed   t o   ma in ta in   nav iga t ion  

t h e  Thomas J .  0' Brien Lock; 

and Wilmette c o n t r o l   s t r u c t u r e ;  

Lock,  O'Brien Lock and Wilmette c o n t r o l   s t r u c t u r e ;   a n d ,  

s t a g e  s o  

The breakdown of the d i v e r s i o n  components l i s t e d  as (a), ( b )  and ( c )  
a b o v e ,   a f t e r   y e a r  2000, w i l l  be  approximately 70 percent   for   domest ic   and 
i n d u s t r i a l  water supply,  2 1  percent  for  stormwater  runoff  from  the 
d i v e r t e d  Lake   Michigan   bas in   and   n ine   percent   for   d i rec t   d ivers ion   for  
l ockages ,   l eakages ,   d i sc re t iona ry   d i lu t ion   and   nav iga t iona l  make-up 
water. Of the  above items, only   the  amount under   (c)(3) ,   which i s  
d i v e r t e d   d i r e c t l y   f r o m  Lake  Michigan,   can  be  effect ively  control led a t  
a l l  times. The quant i ty   o f  water en te r ing   t he   r i ve r   and   cana l   sys t em as 
t r e a t e d  sewage w i l l  vary  depending  on  the amount  of  Lake Michigan water 
used   for   domest ic   and   indus t r ia l   purposes ,   and   the  amount of  storm water 
r each ing   t he   t r ea tmen t   p l an t s  from  the  combined sewers. The q u a n t i t y  of 
s torm water reaching   the   r iver   and   cana l   sys tem i s  dependent on the  
p r e c i p i t a t i o n   o v e r   t h e   w a t e r s h e d  a t  any p a r t i c u l a r  time. The water 
en te r ing   t he   r i ve r   and   cana l   sys t em as  t r e a t e d  sewage o r   s to rm water 
cannot be e f f e c t i v e l y   s t o r e d   i n   t h e   r i v e r s   a n d   c a n a l s ,   o r   e l s e w h e r e ,   f o r  
c o n t r o l l e d  release i n t o   t h e   T l l i n o i s  Waterway. 
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The f low  chargeable   to   d ivers ion  i s  determined by t a k i n g   t h e   t o t a l  
flow  measured a t  the   Lockpor t   cont ro l   s t ruc ture   and   deduct ing  a l l  in f lows  
en ter ing   the   cana l   sys tem  which  are not   chargeable   to   d ivers ion .   These  
non-chargeable  flows are sur face   runoff   f rom  outs ide  of t h e   o r i g i n a l  
watershed  (approximately 67 square  miles), domestic pumpage from wells 
not   recharged by Lake  Michigan,  and  domestic pumpage which o r i g i n a t e s   i n  
Indiana.   These  computations are made  by t h e  MSDGC and  coordinated  with 
the   appropr i a t e   agenc ie s   o f   t he   S t a t e  of I l l i n o i s   u n d e r   t h e   g e n e r a l  
supe rv i s ion   and   d i r ec t ion  of t h e  Chicago D i s t r i c t ,  U.S. Army Corps of 
Engineers.   There i s  no in t e rna t iona l   con t ro l   exe rc i sed   unde r   t he  
Boundary Waters Trea ty   ove r   t h i s   d ive r s ion .  

4.3.6 P.L. 94-587 - Increased Lake  Michigan  Diversion a t  Chicago 
Demonstration  and  Study  Program 

Sect ion   166   of   the  Water Resources  Development Act of  1976 
(P.L.  94-587) au thor ized   the   Secre ta ry  of t he  Army, ac t ing   th rough  the  
Chief   of   Engineers ,   to   carry  out  a five-year  demonstration  program of 
increas ing   the   average   annual  Lake  Michigan  Diversion a t  Chicago  above 
the   p re sen t  limit of 3,200 c u b i c   f e e t  pe r  s econd   ( c f s )  up t o  10,000 c f s ,  
and   to   conduct   bo th  a s tudy   and   demonst ra t ion   to   de te rmine   the   e f fec ts   o f  
t he   i nc reased   d ive r s ion  on   the   l eve ls  of the  Great Lakes, on the water 
q u a l i t y   o f   t h e   I l l i n o i s  Waterway and   on   the   suscept ib i l i ty   o f   the  
I l l i n o i s  Waterway t o   a d d i t i o n a l   f l o o d i n g .  The study  and  demonstration 
were t o   i n v e s t i g a t e   a n y   a d v e r s e   o r   b e n e f i c i a l  impacts wh ich   r e su l t .  A 
r e p o r t  i s  t o  be   submi t ted   to   the  U.S. Congress   f ive  years a f t e r  
a u t h o r i z a t i o n   r e p o r t i n g   o n   t h e   r e s u l t s  of the  study  and  demonstration, 
and recommending whether   to   cont inue  the  authori ty   or   to   change  the 
d i v e r s i o n  c r i te r ia .  

The a u t h o r i z a t i o n   s p e c i f i e s   t h a t   d i v e r s i o n   i n c r e a s e s  are t o  be 
e f fec ted   incrementa l ly   and   cont ro l led   to   p revent   adverse   consequences  on 
t h e   I l l i n o i s  Waterway, t he  M i s s i s s i p p i  River ,   and  the water l e v e l s  
n e c e s s a r y   f o r   n a v i g a t i o n   r e q u i r e m e n t s   i n   t h e  S t .  Lawrence Seaway. No 
inc reased   d ive r s ion  i s  t o  be allowed when r ive r   l eve l s   app roach   o r  are 
p red ic t ed   t o   app roach   bankfu l l   cond i t ions  a t  the   e s t ab l i shed   f l ood  
warn ing   s t a t ions  on the   T l l i no i s   R ive r   o r   t he   impac ted   po r t ion   o f   t he  
Miss i ss ippi   River .  When the   l eve l   o f  Lake Michigan i s  below i t s  average 
l e v e l ,   t h e   t o t a l   d i v e r s i o n   f o r   t h e   s u c c e e d i n g   a c c o u n t i n g   y e a r   s h a l l   n o t  
exceed 3,200 c f s   o n   a n   a n n u a l   b a s i s .  The ave rage   l eve l  of  Lake  Michigan 
i s  t o  be based  upon  the  average  monthly  level   for   the  per iod  1900  to  
1975. The program was t o  be  developed by the  Chief   of   Engineers   in  
coope ra t ion   w i th   t he   S t a t e   o f   I l l i no i s   and   t he  MSDGC and  be  implemented 
by t h e   S t a t e   o f   I l l i n o i s   a n d  MSDGC under  the  supervision  of  the  Chief  of 
Engineers  . 

NO physical   demonstration  program was carr ied  out   because  of  
i n su f f i c i en t   fund ing   and  time cons t r a in t s .   E f fec t s   o f   va r ious   d ive r s ion  
rates and   opera t iona l   p lans  w i l l  be  determined  through  computer  model 
s imula t ions .   These   s imula t ions  w i l l  provide  adequate   information  for  
dec i s ions  on f u t u r e   a c t i o n s   c o n c e r n i n g   d i v e r s i o n   c r i t e r i a   m o d i f i c a t i o n s .  

A s  a r e s u l t  of s tud ie s   conduc ted   t o   da t e   unde r   t h i s   p rog ram,  i t  has  
been   de te rmined   tha t ,   g iv ing   cons idera t ion   to   bankfu l l   condi t ions ,  i t  
would  be phys ica l ly   poss ib l e   t o   d i scha rge  up to   an   annua l   ave rage  of 
8,700 cfs dur ing   per iods  of high water supply on the  Great Lakes. 
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The s t u d y   r e q u i r e s   o n e   f u l l  year of  work e f f o r t   f o r   c o m p l e t i o n .  A t  
t h i s  t i m e  no  funds are i n   t h e   P r e s i d e n t ’ s   b u d g e t   f o r   F i s c a l  Year 1982 
( 1  October  1981 - 30  September  1982). The Corps  of  Engineers  plans  to 
comple te   the   s tudy   and   repor t   in  FY82 i f   funds   a re   p rovided  by Congress. 

4.3.7 Hydrologic   Effects   of   Exis t ing  Diversion 

The Lake  Michigan  Diversion a t  Chicago  has  modified  the  hydrologic 
regime  of  both  the Great Lakes  system  and  the  Tl l inois   River .  The 
d i v e r s i o n  i s  i n   e f f e c t   a n   a d d i t i o n a l   t r i b u t a r y  which  has  been  added t o  
the   T l l i no i s   R ive r   w i th  a diver ted  watershed area of  673 square miles and 
an   annual  minimum uncont ro l lab le   base l ine   f low of  2,880 c f s  which w i l l  
i n c r e a s e   t o   3 , 0 9 9   c f s   a f t e r   t h e  year 2000. Dur ing   severe   p rec ip i ta t ion  
even t s  .over   the  diver ted  watershed,  maximum peak  flows  of up t o  
34,000  cfs   occur .   This   added  f low raises water l e v e l s  on the  lower 
T l l i n o i s   R i v e r .  The d i v e r s i o n   h a s   a f f e c t e d   t h e  Great Lakes sys t em by 
increas ing   the   ou t f low  capac i ty  of  Lakes  Michigan-Huron  and  decreasing 
s u p p l i e s   t o   t h e  downstream l akes  by the  amount of   the  divers ion  and 
the reby   r educ ing   l ake   l eve l s .  Under plan  1977,   there  i s  a l s o  a small 
e f f e c t   o n  Lake S u p e r i o r   l e v e l s  as a r e s u l t  of t h i s   d i v e r s i o n .  

4.4  Welland  Canal 

4 .4 .1  General  

The Welland  Canal i s  a deep-draf t ,  man-made nav iga t iona l  waterway, 
t o t a l l y   w i t h i n   O n t a r i o ,  Canada,  which  joins  Lake Erie wi th  Lake Ontar io  
across   the  Niagara  Peninsula   (see  Figure  4-5) .  T t  i s  t h e   r o u t e   f o r  
ocean-going   vesse ls   to   ga in   access   to  Lake Erie and  the  upper  lakes,  
bypassing  the  fa l ls   and  rapids   of   the   Niagara  River   which  once  presented 
the   ma jo r   obs t ac l e   t o   an   un in t e r rup ted  water route .  

4.4.2 His tory  

The o r i g i n a l  Welland  Canal was b u i l t   i n   1 8 2 9 ,  between  Port  Dalhousie 
on  Lake  Ontario  and  Port  Robinson  on  the  Welland  River,  to  allow 
navigation  between  Lakes E r i e  and  Ontario.  P r i o r  t o   1881   t he  small water 
requirement of the  Canal ,   approximately  85  cfs ,  w a s  suppl ied  through a 
feeder   cana l   f rom  the  Grand  River a t  Dunnvil le ,   Ontar io ,  a t r i b u t a r y   t o  
Lake Erie. In   1881  the  summit reach of t h e   c a n a l  was cu t   th rough a t  Lake 
Erie l eve l   and   t he  Lake Ontario  end of the   cana l   recons t ruc ted .  The 
improved c a n a l   r e q u i r e d   a d d i t i o n a l  water and by 1887 the   d ive r s ion  
amounted t o  400 c f s .  Between 1887 and  1898  the  old  canal was adapted   for  
power purposes  and by 1898 t h e   t o t a l  rate of d i v e r s i o n  had  reached 
1 , 0 0 0   c f s .  A s  hydro-power u n i t s  were i n s t a l l e d   i n   t h e  No. 1 p lan t  a t  
DeCew Fa l l s   and   f ed  from the   Wel land   Canal ,   the   to ta l   d ivers ion  grew  from 
1 , 1 0 0   c f s   i n   1 9 0 1   t o   1 , 5 0 0   c f s  by 1908  and t o   2 , 0 0 0   c f s  by 1913. 

The present  Welland  Canal  has  been  greatly  improved  since i t  was 
b u i l t  between  1913  and  1932. By 1 9 3 3 ,   t h e   t o t a l   d i v e r s i o n  was 2,500 
cfs .   There  was l i t t l e  change  during  the  remaining  years of t he  
t h i r t i e s .  However, t o  meet t he  power requirements   due  to  World War TI, 
supplementary  flow was provided and t h e   t o t a l  d ive r s ion  i n  1942 reached 
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3 ,200   c f s .  The No. 2 DeCew F a l l s  power p l a n t  was i n s t a l l e d   d u r i n g   t h e  
period  1943  to  1947,  and by 1 9 5 1   t h e   t o t a l   d i v e r s i o n  was a t  a maximum 
ra te  of   7 ,400  cfs .  

4 .4 .3   Descr ipt ion  of   the  Present   Canal  

The Welland  Canal i s  a deep-draf t  man-made waterway jo in ing  Lake Erie 
with Lake Ontar io   across   the   Niagara   Peninsula .  The Canal was 
constructed  to   a l low  commercial   shipping  to   t ransi t   between  Lakes Erie 
and  Ontario.  The c a n a l  l i e s  wholly  within  the  province of Ontar io ,   and  
s i n c e  1959 has  been  operated by a Canadian crown co rpora t ion ,   t he  
S t .  Lawrence Seaway A u t h o r i t y ,   a s   a n   i n t e g r a l  p a r t  of t he   S t .  Lawrence 
Seaway sys  t e m .  

The c a n a l   r u n s   i n  a near ly   s t ra ight   south- to-nor th   d i rec t ion   be tween 
Port   Colborne  on Lake Erie and  Port  Weller on  Lake  Ontario, a d i s t ance  of 
about  2 7  miles. The 327- foo t   d i f f e rence   i n  water levels   between  Lakes 
Erie and  Ontario i s  overcome by e i g h t   l i f t   l o c k s   s p a c e d   a l o n g   t h e   c a n a l .  
Factual   information  concerning  these  locks i s  g i v e n   i n   T a b l e  4-2. The 
seven  lower  locks are  l o c a t e d   w i t h i n   e i g h t  miles of   Por t  Weller, and  have 
a n   a v e r a g e   l i f t  of 46.5 f e e t   e a c h .  The e igh th   l ock ,  a t  Port   Colborne,  
s e r v e s  as a sha l low- l i f t   guard   lock  a t  the  upper  end  of  the  canal.  

The present  Welland  Canal i s  a modif ied  vers ion  of   the  fourth  Welland 
Canal  (Welland  Ship  Canal),  which was cons t ruc ted  beween 1913  and  1932. 
Improvements  have  been made a t  va r ious   l oca t ions   a long   t he   cana l   t o  
enhance i t s  e f f i c i e n c y .  The la tes t  major  improvement was completed i n  
1973  with  the  complete  upgrading  and  re-routing of n ine  miles of  the 
c a n a l  away from downtown Welland. Most o f   t h e   c a n a l ' s   f e a t u r e s  and 
equipment,  however,  have  remained as o r i g i n a l l y   i n s t a l l e d .  

Commodity t r a f f i c   t h r o u g h   t h e   c a n a l   h a s   i n c r e a s e d   s t e a d i l y   o v e r   t h e  
years .  Tn 1932  about   8 .3   mi l l ion   tons   passed   th rough  the   cana l   in   5 ,712  
t r a n s i t s ;  by 1979 t h e   t r a f f i c   r e a c h e d  73 m i l l i o n   t o n s   i n   6 , 5 4 7   t r a n s i t s .  
About 7 5   p e r c e n t   o f   t h i s   t r a f f i c  i s  U.S. and  Canadian  inter lake  t rading 
i n   i r o n   o r e ,   c o a l ,   l i m e s t o n e   a n d   g r a i n s .  The remainder i s  f u e l   o i l s ,  
i ron   and  s t e e l  and   o the r   domes t i c   l akes   t r a f f i c ,  as  well as  cargo 
d e s t i n e d   f o r   o r   a r r i v i n g  from  overseas  ports.  

U n t i l  1932 t h e   l a r g e s t   v e s s e l s   t r a n s i t i n g   t h e   c a n a l  were less than 
2 6 1   f e e t   i n   l e n g t h   a n d   c a r r i e d  less than  3,000  tons of cargo. The 
completion  of  the  Welland  Ship  Canal  opened  the  route  to  the  13,000-ton 
b u l k   f r e i g h t e r s ,  600 f e e t   i n   l e n g t h ,   w h i c h   p r e v i o u s l y  had  been  confined 
t o  Lake Erie and  above. I t  a l so   induced   the   cons t ruc t ion   of   even   la rger  
v e s s e l s ;  many o v e r   7 0 0   f e e t   i n   l e n g t h  began t o  appea r .  Today, 50 percent  
o f   c a n a l   t r a f f i c  i s  c a r r i e d   i n  "seaway-sized"  lakers, 730 f e e t   i n   l e n g t h ,  
76 f e e t   i n   b r e a d t h   a n d   c a r r y i n g   2 8 , 0 0 0   t o n s  of cargo. The seaway-sized 
l a k e r  i s  t h e   l a r g e s t   v e s s e l   p r e s e n t l y   p e r m i t t e d   t o   e n t e r   t h e   c a n a l .  The 
l i m i t i n g   f e a t u r e  i s  t h e   s i z e   o f   l o c k s ,  as shown i n  Table 4-2. The 
maximum a l l o w a b l e   v e s s e l   d r a f t   i n   t h e   c a n a l  i s  26 f e e t .   T h i s  i s  l i m i t e d  
by the   con t ro l l i ng   dep th   (27   f ee t )   o f   t he   cana l  p r i sm.  Although i t  i s  
imposs ib l e   t o  pass l a r g e r   v e s s e l s   t h r o u g h   t h e   c a n a l ,  some f u t u r e   g a i n s   i n  
throughput are expec ted   t o  be  achieved by  way o f   ope ra t iona l  
improvements. The Seaway Authori ty   expects ,   however ,   that  a l l  
p o s s i b i l i t i e s   f o r   m a j o r   g a i n s   i n   t h r o u g h p u t  w i l l  be exhausted by the  end 
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Of the  1980s,  when c a p a c i t y  w i l l  be  reached a t  about  3 4  t r a n s i t s  p e r  day, 
o r   9 0   m i l l i o n   t o n s   a n n u a l l y .  

Table 4-2 
WELLAND CANAL LOCK DATA 

Usable Us a b l e  Minimum 
Normal Length  of  Width  of  Depth a t  

Lock L i f t ,  F t .  Chamber, F t .  Chamber, F t  . Si11(2) ,  F t .  

46 .O 
46.5 
46.5 
47.9 
47.9 
43.7 
46.5 

2.0-11.0(1) 

7 3 0  
7 30 
7 3 0  
7 30 
7 3 0  
7 30 
7 3 0  

1148 

7 6  
76  
7 6  
7 6  
7 6  
7 6  
7 6  
76  

30 
30 
30 
30 
30 
30 
3 0  
30 

Notes:  (1)  Depending upon t h e   p r e v a i l i n g   l e v e l   o f  Lake Erie. 
( 2 )  The con t ro l l i ng   channe l   dep th  i s  27 f e e t .  

The Welland  Canal 's   success as a commerc ia l   t ranspor ta t ion   a r te ry   has  
l e d  t o  s u b s t a n t i a l   i n d u s t r i a l   d e v e l o p m e n t   a n d   u r b a n   s e t t l e m e n t   i n  i t s  
v i c i n i t y .  A l i ne   o f   u rban   communi t i e s   ex i s t s   a long   t he   cana l ,  some 
centered   on   the   opera t ion  of t h e   c a n a l   i t s e l f ;   o t h e r s   t a k i n g   a d v a n t a g e   o f  
cheap  t ransporat ion,   abundant  water s u p p l y   o r   t h e   o p p o r t u n i t y   t o   s e r v i c e  
shipping  and  canal  needs.  The a t t r a c t i o n s  of a cana l - s ide   l oca t ion  are 
extended by r e a d y   a c c e s s i b i l i t y   t o   r o a d   a n d   r a i l   f a c i l i t i e s ,  as  well as 
cheap  hydro-electr icpower.  

Thus the   Wel land   Canal   Divers ion   se rves   severa l   purposes ,   apar t   f rom 
naviga t ion .  Water f o r  power gene ra t ion  a t  Ontario  Hydro's DeCew Falls 
g e n e r a t i n g   s t a t i o n s   ( l o c a t e d   a b o u t   t h r e e  miles west of t h e   c a n a l ) ,  i s  
d ive r t ed   f rom  the   cana l  a t  Allanburg.   Diversions of c a n a l  water f o r  
i ndus t r i a l   coo l ing   and   i ndus t r i a l   and   mun ic ipa l  water consumption  occur 
a t  numerous points   a long  the  canal .   For   example,  a p o r t i o n  of c a n a l  
water i s  d iver ted   in to   the   Wel land   River  t o  main ta in  i t s  water q u a l i t y ,  
and  induce  f low in t h e   o l d  canal channel i n   t h e   c i t y  of Welland. The 
p r e s e n t   t o t a l   d i v e r s i o n  down the  Welland  Canal i s  about   9 ,200  cfs ,  
ca l cu la t ed   on  a mean annua l   bas i s .  More d e t a i l e d   d e s c r i p t i o n s  of t he  
uses  of c a n a l  water and  the method  of o p e r a t i n g   t h e   c a n a l   t o   s a t i s f y  
these  needs are g iven   i n   t he   fo l lowing   pa rag raphs .   A l so   i nc luded  are 
d e s c r i p t i o n s  of t h e   p h y s i c a l   c a p a c i t i e s   a n d   p r a c t i c a l   o p e r a t i n g  
l imi ta t ions   o f   the   var ious   sys tems  present ly   us ing   cana l  water, inc luding  
t h e   c a n a l ' s  main  lock  and weir system. The summation  of  the  capacit ies 
of  each part  of t h e  canal f a c i l i t y  w i l l  g ive   an   approximat ion   of   the  
a b s o l u t e   c a p a c i t y  of t h e   c a n a l   w i t h   r e s p e c t   t o   d i v e r s i o n   o f  Lake Erie 
water. Considerat ion of t h e   p r a c t i c a l   o p e r a t i n g   l i m i t a t i o n s   g i v e s  a 
b e t t e r   i n d i c a t i o n  of t h e  maximum d i v e r s i o n   t h a t  i s  e v e r   l i k e l y   t o   o c c u r  
wi thou t   ma jo r   mod i f i ca t ion   t o   t he   f ac i l i t y .  
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Hvdraulic ODerations Within  the Canal 

Water e n t e r s   t h e   c a n a l   t h r o u g h  a supply  raceway,  or  channel,   and 
through Lock 8 a t  Port   Colborne.  The main   supply   to   the   cana l   (which   in  
recent   years   has   been   about  9,000 c f s  on a mean a n n u a l   b a s i s )   e n t e r s  
through  the  raceway,  which i s  comple te ly   cont ro l led  by a weir. The 
in take   th rough Lock 8 i s  t h e   r e s u l t  of naviga t ion   lockages .   This  
averages   about   175   c fs   dur ing   the   naviga t ion   season .  The lock  passes  no 
water a f t e r   n a v i g a t i o n   c e a s e s .  

Supply Raceway: The present   supply  weir and  equipment   const i tute   the 
o r i g i n a l   i n s t a l l a t i o n   c o m p l e t e d   i n  1932.  The weir c o n s i s t s  of t e n  
t a i n t e r   g a t e s ,   1 5   f e e t   w i d e  by 14  f ee t   h igh   each .  The g a t e s  work i n  two 
banks  of   f ive  gates   each.   Each bank can   be   ad jus ted   ind iv idua l ly .  Gate 
settings are made remotely  from  the Lock 8 cont ro l   tower .  

The p r inc ip l e   beh ind   t he   ope ra t ion  of the  supply weir i s  t o   m a i n t a i n  
t h e  water l e v e l   i n   t h e  "summit reach"  or   " long  reach" of t h e   c a n a l ,   i . e .  , 
the   sect ion  between Lock 8 and Lock 7 .  T h i s   l e v e l  i s  maintained a t  
568.0 f e e t  ( I G L D )  a t  Lock 8 ,  which  provides a depth of  30.8 f e e t   o v e r   t h e  
s i l l  of Lock 8,   and 30 f e e t   o v e r   t h e  s i l l  of Lock 7 ( t h e   d i f f e r e n c e  i s  
due   t o   t he   hydrau l i c   g rad ien t   o f   t he   cana l ) ,   t o  meet the   requi rement   for  
s a f e   n a v i g a t i o n .  The seemingly s i m p l e  f e a t  of maintaining  the summit 
l e v e l  i s  i n   f a c t   c o n s i d e r a b l y   c o m p l i c a t e d  by a hos t   o f   f ac to r s   and  
l imi t a t ions   wh ich  must   be  taken  into  account  when making inf low 
adjus tments .   These   fac tors   inc lude   f luc tua t ing  water demand downstream, 
the  presence  and mode of a c t i v i t y  of   shipping a t  var ious  c r i t i c a l  po in t s  
i n   t he   cana l ,   t he   eve r -chang ing   l eve l  of  Lake Erie,  f low  ve loc i ty  
r e s t r i c t i o n s  a t  var ious   po in ts   and  water l e v e l s  a t  key  points  i n  the  
cana l ,  wind e f f e c t s  on the  water s u r f a c e   p r o f i l e   i n   t h e  summit reach,  
bank erosion  concerns  and so on. I n   t h i s   c o n t e x t   t h e n ,   t h e   p r e s e n t  
ope ra t ing  mode, with respect t o   t h e  water l e v e l s   r e g i m e   i n   t h e   c a n a l ,   c a n  
be  considered  to   be  "bankful l" .   This   regime  must   remain  intact  if 
nav iga t ion   and   o the r   cana l   func t ions  are to   con t inue .  Any i n c r e a s e   i n  
l e v e l s  would cause   sp i l l age   ove r   l ock   ga t e s ,   cop ing  walls and  docks,  and 
would flood  considerable  acreage  around  lock  pondage  basins  ( 'pondage'  i s  
expla ined  l a t e r  in   th i s   sec t ion) .   Recent ly   an   au tomated   and   computer ized  
con t ro l   sys t em was i n s t a l l e d   t o  assist the   wei r   opera tor  by providing 
in s t an t   ana lyses   and   i n fo rma t ion   conce rn ing   cond i t ions   i n  key areas. 
However, i n   t h e   f i n a l   a n a l y s i s ,   s a f e   a n d   e f f i c i e n t   o p e r a t i o n  of the  
c a n a l ' s   i n t a k e  s t i l l  depends  largely  on  the  capabi l i ty   of   an  experienced 
ope ra to r .  

The ga te   opening   requi red   to   ach ieve  a desired  intake  f low  through 
the   supply  weir i s  determined  using a weir ca l ib ra t ion   cu rve   and   f l ow 
equation,  which  convert   the  head  on  the  weir  and  the  gate  opening t o  weir 
i n t a k e .  I n  p rac t i ce ,   t he   ga t e   open ing  i s  ad jus t ed   un t i l   t he   des i r ed   f l ow 
i s  obta ined .  The in t ake   f l ow i s  ca lcu la ted   and   d i sp layed   cont inuous ly  by 
computer   for   the   benef i t  of t he  weir opera tor .  The ca l cu la t ed   f l ow i s  
a l so   r eco rded   con t inuous ly .   A l so   d i sp l ayed   and   r eco rded   con t inuous ly   fo r  
the  weir ope ra to r  are  t h e   l e v e l s   o f  Lake Erie and  the  supply  channel 
below t h e  weir. The g a u g e s   f o r   t h e s e   l e v e l s ,  which a re   the   ones   used   to  
ca l cu la t e   f l ow  th rough   t he  weir, a r e   l oca t ed   j u s t   ups t r eam and  downstream 
of the  weir. The w e i r   c a l i b r a t i o n  was las t  checked i n  1966-67. T t  
showed very l i t t l e  d i f f e r e n c e  f r o m   t h e   o r i g i n a l   c a l i b r a t i o n  done i n  1933.  
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Under a head  of   one  foot   ( that  i s ,  a d i f f e r e n c e  of  one  foot  between 
t h e  water l eve l s   o f   Lake  Erie and the  supply  channel   below  the  weir)   the  
supply weir i s  capable   of   passing  about   12,000  cfs ,   which i s  more than 
the   cur ren t   cana l   requi rement .  Under grea te r   head   the  weir can  pass  more 
water; f o r   i n s t a n c e ,   w i t h  a three-foot  head i t  can  pass  about  21,000 
c f s .   S ince   t he   l eve l   o f  Lake Erie (and  thus  the  head  on  the weir) 
f l u c t u a t e s   c o n t i n u o u s l y ,   f r e q u e n t   g a t e   s e t t i n g s  are r equ i r ed   t o   ma in ta in  
the   des i red   f low  through  the  weir. When t h e   l e v e l   o f  Lake Erie i s  very 
low,  reducing  the  head  on  the weir t o  less than  one  foot ,  i t  becomes 
i m p o s s i b l e   t o   m a i n t a i n   t h e   f u l l   r e q u i r e d   i n t a k e   i n t o   t h e   c a n a l .   D u r i n g  
these   pe r iods ,   t he   f l ow  to  DeCew F a l l s  i s  c u t   b a c k   i n   o r d e r   t o   s u p p l y  
navigat ion  requirements .  Tf t he re  i s  no  head,   or  a negative  head 
develops a t  the  weir, nav iga t ion  may be suspended  while   the  condi t ion 
e x i s t s .  However, i f   t h e  z e r o - h e a d   s i t u a t i o n   p e r s i s t s   f o r  more than a few 
days ;   o ther   p recaut ions  are taken,  depending  on  the  magnitude  of  the  drop 
i n  water l e v e l   i n   t h e   c a n a l .   T h i s  would include  reducing  the  a l lowable 
s h i p p i n g   d r a f t   i n   t h e   c a n a l .  

The ra te  of in t ake   i n to   t he   cana l   t h rough   t he   supp ly  weir i s  governed 
mainly by ve loc i ty   cons ide ra t ions ,   bo th   i n   t he   supp ly   channe l ,   i n   wh ich  
t h e  weir i s  loca ted ,   and   in   the   main   sh ip   channel .  Too grea t   and   too  
sudden a change i n   i n t a k e   v e l o c i t y  a t  the   en t rance   to   the   supply   channel  
has  drawn vesse l s   on to   t he   shoa l s  in t h a t  area. Downstream  of t he  weir, 
h igh   ve loc i ty   f l ows   i n   t he   supp ly   channe l   cause   s eve ra l   s e r ious  
problems. F i r s t  the   h igh   c ross -cur ren ts   genera ted  a t  t he   po in t  of 
confluence  with  the  main  shipping  channel  are dangerous   and   d i s rupt ive   to  
naviga t ion ;  when the  supply  channel   f low  exceeds  about  9,000 c f s ,   t h e  
r e s u l t i n g   h i g h   c u r r e n t   v e l o c i t i e s   p r o d u c e  a d e c r e a s e   i n  water dep th   ( a  
hydrau l i c  phenomenon)  which becomes of s e r ious   conce rn   t o   ves se l s   be r thed  
a t  t he  Robin Hood wharves   on   e i the r   s ide  of t h e  downstream  end of the  
supply   channel .   Fur thermore ,   any   sudden   change   in   ve loc i ty   in   the  
channel w i l l  cause a s u d d e n ,   d a n g e r o u s   s h i f t   i n   v e s s e l s  a t  these   ber ths .  

'It i s  f requent ly   necessary  t o  shu t  down t h e  weir to   r educe   ve loc i ty  
in   t he   supp ly   channe l   and   i n   t he  main sh ip   channel  when vessels are 
t ie ing-up a t  t h e  Lock 8 approach walls. S i m i l a r   c u r r e n t   v e l o c i t y  
reduct ions  are a l s o   r e q u i r e d   t o  assist i n  vessel passing  manoeuvres when 
i n i t i a l   v e l o c i t y  i s  h i g h ,   a n d   t o   r e d u c e   c r i t i c a l   v e l o c i t i e s   i n   t h e  
r e s t r i c t e d   p o r t i o n s   a l o n g   t h e   c a n a l .  Many otherwise  simple  manoeuvres 
become d i s p r o p o r t i o n a t e l y   d i f f i c u l t   ( e v e n   f o r   a n   e x p e r i e n c e d   m a r i n e r )   i n  
the   p resence   o f   h igh   cur ren ts   because   o f   the   hu l l   p ressures   genera ted   and  
l o s s   o f   s t e e r i n g .  

A n o t h e r   o p e r a t i o n a l   c o n s t r a i n t   i n   s e t t i n g   c a n a l   f l o w  i s  t h e   e f f e c t  of 
h igh   cu r ren t   ve loc i ty   on  bank s t a b i l i t y  i n  the  supply  channel   and  other  
l o c a t i o n s   a l o n g   t h e   c a n a l .  Even  though  the  supply  channel i s  p ro tec t ed  
by boulders   and   bedrock   in   p laces ,  i t  i s  d i f f i c u l t   t o   c o n t r o l   e r o s i o n .  
In   r ecen t   yea r s ,   t he   h igh   ve loc i ty   f l ows   i n   t he   cana l  have  aggravated  the 
erosion  problem,  increasing  the  incidence of  bank  slumping  and  flushing 
boulders  two f e e t  and more in   d iameter   f rom  the  bank walls of the   supply  
channel   out   into  the  main  ship  channel .   Through  experience,   the  Seaway 
h a s   f o u n d   t h a t   t h i s   t y p e  of  problem i s  minimized when sus ta ined   f lows  are 
kept  below  about 9,000 cfs .  High c u r r e n t s   i n   t h e  main  navigation  channel 
i t s e l f  are a l s o  a cause  of  erosion  and bank  slumping.  There i s  evidence 
of t h i s  problem a t  var ious  po in t s   a long   t he  canal. 
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Only through  experience i s  the   opera tor   o f   the   supply  weir a b l e   t o  
balance  the numerous c r i t e r i a  and r e s t r a i n t s   a s s o c i a t e d   w i t h   k e e p i n g   t h e  
cana l   supp l i ed   w i th  water. H e  must  keep water leve ls   cons tan t   th roughout  
the   cana l ;   he  must  keep  Ontario Hydro and o the r   u se r s   supp l i ed   w i th  
un in te r rup ted   supp l i e s ;  a t  t h e  same t i m e ,  he   mus t   keep   cur ren t   ve loc i t ies  
t h roughou t   t he   cana l   f avourab le   t o   s a fe   nav iga t ion .  Tn s p i t e  of h i s  
e f f o r t s ,  however ,   erosion  occurs ,   incidents   happen  and  Ontar io  Hydro 
occas iona l ly   t empora r i ly   l o ses  some o r  a l l  of i t s  a l l o t t e d   s u p p l y .  

Lock 8 In take :  The amount of water e n t e r i n g   t h e  Welland  Canal 
through Lock 8 i s  calculated  f rom  the  difference  in   head  above  and below 
the   lock  a t  t he  time of   lockage,   the   corresponding  lock  intake  and  the 
number of  lockages. Water l eve l   gauges  are situated  above  and  below  the 
lock   fo r   t h i s   pu rpose .  The gauge  below  the  lock i s  t h e  same one  used t o  
m o n i t o r   t h e   w a t e r   l e v e l   i n   t h e  summit reach.  The amount of water 
e n t e r i n g   t h e   c a n a l  i s  the  sum of the   in takes   th rough Lock 8 and  the 
prev ious ly   descr ibed   supply  weir a t   P o r t   C o l b o r n e ;  i t  i s  ca lcu la ted   and  
recorded  continuously  and  summarized  daily,   monthly  and  annually  on 
records  which  date  back  to  1952.  Figure 4-6 g i v e s   t h e   t o t a l   a n n u a l  mean 
flow  through  the  Welland  Canal  since 1860.  These  flows were obtained 
from  the S t .  Lawrence Seaway Author i ty ,   and   the   repor t  "Lake Erie  Outflow 
1860-1964, wi th  addendum 1965-1975", by the  Coordinat ing Committee  on 
Great Lakes  Basic  Hydraulic  and  Hydrologic Data, June  1976. 

Uses of  the  Canal Water and  Diversion Rates 

Also   i nc luded   i n   t he  summary records  are the  amounts  of  the  various 
d ivers ions   and   uses   o f   cana l  water which  occur  below Lock 8 and  the 
supply weir. A t y p i c a l  mean a n n u a l   d i s t r i b u t i o n   o f   c a n a l  water i s  shown 
s c h e m a t i c a l l y   i n   F i g u r e  4-7. About  70 percent  of t h e  water en te r ing   t he  
c a n a l  i s  d i v e r t e d   o u t   a g a i n  a t  Al lanburg   for  power generat ion.   Ontar io  
Hydro has  two r aceways   l ead ing   f rom  the   cana l   t o   t he i r  Lake  Gibson 
pondage area which f eeds  two g e n e r a t i n g   s t a t i o n s  a t  DeCew Fa l l s .  Tntake 
in to   the   raceways  i s  comple te ly   cont ro l led  by weirs. The water d ive r t ed  
f o r   t h e  D e C e w  p l a n t s  i s  no t   u sed   fo r   nav iga t ion ,  and i s  n o t   r e t u r n e d   t o  
t h e   c a n a l ;  i t  i s  d i s c h a r g e d   d i r e c t l y   i n t o  Lake Ontar io   through Twelve 
Mile  Creek. 

Between  1952  and  1978  the t o t a l   d i v e r s i o n   t o  D e C e w  F a l l s   f l u c t u a t e d  
around a mean value  of   about   6 ,000  cfs   (see  Figure  4-8) .   During  that  
per iod ,   Ontar io  Hydro had a purchase  agreement  with  the Seaway Author i ty  
f o r  a maximum supply   o f   6 ,400   c fs   on   an   annual  mean b a s i s .  The f u l l  
6 , 4 0 0   c f s  was r a r e l y   d i v e r t e d   f o r  a va r i e ty   o f   r ea sons   i nc lud ing   p l an t  
shut-downs,   canal   intake  reduct ions  for   maintenance work and  during 
per iods  of  low  Lake Erie l e v e l s .  Tn t h e   l a t t e r   c a s e ,  when Lake E r i e  
l e v e l s  are low, i n t a k e   i n t o   t h e   c a n a l  may be reduced   (as   expla ined  
e a r l i e r ) ;   a f t e r   m u n i c i p a l ,   i n d u s t r i a l   a n d   n a v i g a t i o n  water requirements 
(which  take  precedence) are s a t i s f i e d ,   t h e  water remain ing   for  power 
gene ra t ion  may be less than   tha t   p rovided   for   in   the   purchase   agreement .  
On ta r io   Hydro ' s   cu r ren t   con t r ac t ,   i n   e f f ec t   s ince   1978 ,   a l l ows   fo r  a 
maximum of 6 , 8 8 7   c f s  as  an   annua l  mean. Under the  agreement,   Ontario 
Hydro can   rece ive  up t o   7 , 5 5 0   c f s   p e r  month during  the  non-navigation 
season,   and  about   6 ,670  cfs   per  month during  the  navigat ion  season.  T t  
i s  es t imated   tha t   about   7 ,550   c fs  i s  the  combined maximum tha t   can   f low 
through  the two raceways t o  DeCew. The e s t i m a t e d   c a p a c i t i e s  of the  
raceways are about   1 ,500   c fs   and   6 ,050   c fs .  
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The second   l a rges t   u se r  of c a n a l  water i s  the   S t .  Lawrence Seaway 
Authori ty ,   which  requires  water fo r   nav iga t ion   and  power g e n e r a t i o n   f o r  
the   cana l ' s   naviga t ion   equipment .   Dur ing   the   regular   naviga t ion   season ,  
lockages   and   la te ra l   and   hydraul ic  assists r equ i r e   abou t   1 ,100   c f s   ( fo r  a 
seasonal   average  of   about  24  s h i p   t r a n s i t s  p e r  day ) .   Th i s   f i gu re   va r i e s  
depending  on  the  level   of   shipping  act ivi ty .   During  peak  per iods,  when 
the re  may be a s  many as  30 t rans i t s   per   day ,   the   average   month ly  
requirement may be as  high as  1,400 c f s .  When t h e   c a n a l   r e a c h e s   t r a f f i c  
capac i ty ,   es t imated   to   occur   a round  the   year   1990,   the   average  number of 
t r a n s i t s  p e r  day  during  the  navigat ion  season w i l l  be  about 30 and the  
maximum number of t r a n s i t s   a c h i e v a b l e   i n  a day w i l l  be  about  34;  the 
consequent  average  water  requirement w i l l  be   about   1 ,400  cfs   with  peak 
requirements  of 1 ,600   c f s .  

An a d d i t i o n a l   f a c t o r  wh ich   cou ld   a f f ec t   t he   annua l   d ive r s ion   r a t e  
th rough  the   cana l  i s  an  extension  of   the  navigat ion  season  f rom i t s  
c u r r e n t   n i n e  months t o   n i n e  and  one-half  months, as  has   been  considered 
f o r   t h e   e n t i r e   S t .  Lawrence Seaway.  However, i t  has   been   es t imated   tha t  
such   an   ex tens ion  would have   an   a lmos t   neg l ig ib l e   e f f ec t  on the   annual  
mean d ive r s ion   fo r   t he   fo l lowing   r eason .  Under p re sen t   ope ra t ions ,  when 
n a v i g a t i o n   c e a s e s   i n   t h e   f a l l ,  a l a r g e   p o r t i o n  of the  f low  used by 
nav iga t ion  i s  t r a n s f e r r e d   t o   O n t a r i o  Hydro f o r  power genera t ion .  A s  
e x p l a i n e d   e a r l i e r ,   t h e  maximum f l o w   i n   t h e   c a n a l  i s  r e s t r i c t e d  and 
nav iga t ion  water requirements are deduc ted   f i r s t .   The re fo re ,   du r ing   an  
ex tended   nav iga t ion   s eason ,   t he   t r ans fe r  of f l o w   t o   t h e  power p l a n t s  
would  simply  be  delayed by two weeks u n t i l   n a v i g a t i o n   c e a s e d .  Because 
naviga t ion   dur ing   those  two weeks  would u s e   s l i g h t l y  more water than 
would  have  otherwise  been  t ransferred  for  power gene ra t ion ,   t he   ne t  
r e s u l t  i s  a min ima l   i nc rease   i n   t he   t o t a l   annua l   d ive r s ion .  

Each l o c k ,   o r  se t  o f   l o c k s ,   i n   t h e  Welland  Canal i s  equipped  with a 
by-pass  or "waste" sys t em which w i l l  pass  water around  the  lock.  These 
by-passes are c o n t r o l l e d  by weirs and are u s e d   t o   r e p l e n i s h  downstream 
pondage a reas .  The pondage a c t s  as  a "surge  tank"  to   prevent   sudden 
l a r g e   f l u c t u a t i o n s   i n  water l e v e l   o n   t h e  main sh ip   channe l  as  a r e s u l t   o f  
lockages.  Via the  by-pass  system, water can   pas s   d i r ec t ly   f rom  the  
summit l e v e l  above Lock 7 t o   t h e  pondage f o r   t h e   f l i g h t   l o c k   s y s t e m ,  
Locks 6 ,  5 and 4 .  From t h e   f l i g h t   l o c k  pondage i t  can   cont inue   on   to   the  
pondage f o r  Lock 3, i f   necessa ry ,   w i thou t   en t e r ing   t he   sh ip   channe l .  The 
flow  between  pondage areas i s  c o n t r o l l e d  by weirs. A t  Locks 3, 2 and 1 
the  by-pass weirs are l o c a t e d   a d j a c e n t   t o   t h e   l o c k s   i n   t h e   s h i p   c h a n n e l ,  
and   "sp i l led"  water passes   a long  the  ship  channel .  The capac i ty  of t he  
by-pass  system i s  set by the   capac i ty  of t he  weir f o r  Lock 7 ,  which is  
about   1 ,000  cfs .   During  the  navigat ion  season  about  500 c f s  are passed 
through  the  by-pass system f o r  pondage water replacement .   This  water i s  
used   for   lockages ,  l a t e ra l  and  hydraul ic  assists, and i s  inc luded   i n   t he  
1 , 1 0 0   c f s   r e f e r r e d   t o   a b o v e .   T h i s   l e a v e s  a maximum rese rve   capac i ty  of 
about  500 c f s   fo r   t he   sys t em.  A s  another   100   c fs   o r  s o  w i l l  be  needed 
f o r   n a v i g a t i o n   i n   t h e   f u t u r e ,   t h e   f u t u r e   a b i l i t y   o f   t h e   s y s t e m   t o  draw 
a d d i t i o n a l  water from  Lake E r i e  w i l l  be  300 c f s   t o  400 cfs .  However, i n  
p r a c t i c a l  terms, th i s   add i t iona l   f l ow  cou ld   no t   t ake   p l ace   because   o f   an  
adve r se   e f f ec t   on   nav iga t ion .  The Seaway Author i ty   has   found  tha t   vesse l  
m a n o e u v r a b i l i t y   i n   t h e   v i c i n i t y   o f  Locks 3, 2 and 1 i s  dangerously 
impaired when the  f low  through  the waste weirs i s  above 600 c f s .  
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The Seaway's power gene ra t ion  p lan t  i s  loca ted   bes ide  Lock 4 .  Water 
i s  taken  from  the  canal  above Lock 7 and  fed by pens tock   to   the  power 
house. The water i s  r e t u r n e d   t o   t h e   c a n a l  below Lock 4 fo r   r e -use  
downstream. The plant   present ly   draws  about  350 c f s ,   b o t h  summer and 
win ter .  The maximum in t ake   t he   p l an t   can   hand le  i s  about 550 c f s .  

A p l o t   o f   t h e   t o t a l   a n n u a l  mean d ive r s ion   o f   cana l  water f o r  
navigation  for  the  period  1950  through  1980 i s  shown on  Figure 4-8. 
Included are q u a n t i t i e s   f o r   l o c k a g e s ,  l a te ra l  and  hydraul ic  assists, 
Seaway  power generation  and  pondage. 

The t h i r d   l a r g e s t   u s a g e  of water from  the  canal  i s  f o r  water q u a l i t y  
enhancement. About  700 c f s  of d i l u t i o n  water i s  d i v e r t e d  from the   cana l  
year-round a t  the   C i ty  of Welland. About 1 5 0   c f s  of t h i s  i s  d ive r t ed  by 
the  Welland  Waterworks  Department t o   d i l u t e  sewage e n t e r i n g   t h e  Welland 
River.  Another  525 c f s  i s  drawn  f rom  the  canal   through  holes   dr i l led 
through  the  roof of the  old  Welland  River  syphon  culvert   in  the  abandoned 
sh ip   channe l  a t  Welland.   This   divers ion  serves  two purposes. One i s  t o  
induce   f l ow  in   t he   abandoned   sh ip   channe l   t o   p reven t   s t agna t ion ,  as the  
o n l y   f l o w   i n   t h e   c h a n n e l  w a s  c u t   o f f  by causeway c o n s t r u c t i o n   i n  1973. 
Because t h i s  water u l t i m a t e l y   e n t e r s   t h e  Welland  River,  the  other  purpose 
i s  t o   a i d   d i l u t i o n .  About  25 c fs  i s  a l so   d ive r t ed   f rom  the  Welland  Canal 
to   the  Welland River a t  P o r t  Robinson  and  an  addi t ional  small d i v e r s i o n  
of a b o u t   f i v e   c f s  i s  made f rom  the   cana l   i n to  Lyons  Creek,  south  of 
Wel land ,   to   rep lace   f lows   in   the   c reek   which  were c u t   o f f  by t h e   c a n a l  a t  
Lyons  Creek c ross ing .  No i n c r e a s e   i n   d i l u t i o n  water requirements i s  
foreseen.  

About  200 c f s  are drawn  from  the  system a t  va r ious   l oca t ions   ( e .g .  
Wel land ,   Thoro ld ,   S t .   Ca ther ines)   for   indus t r ia l   cool ing   and   o ther  
indus t r ia l   and   munic ipa l   uses .  The amounts  of t hese   u ses  are c o n t r o l l e d  
by a series of   gu ide l ines .  Most of   the  cool ing water i s  r e t u r n e d   t o   t h e  
system.  There are no known p l a n s   f o r   m a j o r   i n c r e a s e s   i n   i n d u s t r i a l  
coo l ing   o r   i ndus t r i a l   o r   mun ic ipa l   consumpt ives   u ses .  

Figure 4-8 shows t h e   t o t a l  Welland Canal divers ion  and i t s  components 
and how they  have  var ied  s ince  1950.  A s  p rev ious ly   d i scussed ,  water f o r  
naviga t ion ,  water supply   and   d i lu t ion   take   p recedence   over  water made 
a v a i l a b l e   f o r  power genera t ion .  Hence, as  a r e su l t   o f   t he   g radua l  
i n c r e a s e   i n  water needed  for  navigation  and  the marked i n c r e a s e   i n  water 
supply  needs  (which  began  about  1973),   there i s  less water a v a i l a b l e   f o r  
power g e n e r a t i o n   i n   1 9 8 0   t h a n   i f   t h e s e   v a l u e s  had  remained a t  pre-1970 
l e v e l .  I t  i s  e s t i m a t e d   t h a t   t h i s   i n c r e a s e   h a s   r e d u c e d   t h e  water 
a v a i l a b l e   f o r  power g e n e r a t i o n   i n   t h e   o r d e r  of  250 c f s .  Tn add i t ion ,   t he  
t a b l e   b e l o w   i n d i c a t e s   t h a t   t h e   f u t u r e   n e e d s   o f   t h e s e   i n t e r e s t s   c o u l d  
f u r t h e r   i n c r e a s e .   I f   t h i s   o c c u r s   t h e r e  would  be a f u r t h e r   r e d u c t i o n   i n  
water a v a i l a b l e   f o r  power g e n e r a t i o n   i n   b o t h   t h e  Welland  Canal  and 
N i  agara  River.  

A l l  o f   the   uses   and   rou t ings  of cana l  water have  been  described. 
A s s u d n g   n a v i g a t i o n   i n   t h e   c a n a l  w i l l  cont inue  as p ro jec t ed ,   t he  
following  summation  of  the  ult imate  navigation water requi rement   p lus   the  
maximum requ i r emen t s   fo r  a l l  o the r   u ses   g ives  some i n d i c a t i o n   o f   t h e  
t h e o r e t i c a l  maximum c a p a c i t y   f o r   s u s t a i n e d   d i v e r s i o n  of Lake Erie through 
the Welland Canal. 
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Theore t i ca l  Maximum 
Flow i n   c f s  

Navigat ion  ( lockages,  assists) 1,600 
Seaway  Power 5 50 
Ontar io  Hydro Power 7,550 
D i l u t i o n  7 00 
Addit ional   Capaci ty  a t  "Waste" Weirs 400 
Water Supply 200 

1 p  

However, as a l r eady   d i scussed ,   11 ,000   c f s   cou ld   no t  be s u s t a i n e d   i n  
t h e   c a n a l  as i t  e x i s t s .   A l s o ,   t h e  Seaway Author i ty   has   found  tha t   the  
"most d e s i r a b l e "  maximum sus ta ined   f low i s  about   9 ,000  cfs .  However,  due 
t o  a recent   increased  demand f o r  water by Ontario  Hydro,  the Seaway has  
d e c i d e d   t o   a c c e p t   t h e   p e n a l t y   o f   h i g h e r   f l o w s ,  up t o   a b o u t   1 0 , 0 0 0   c f s  
during peak-demand months. The penal ty  i s  increased  maintenance  of   canal  
banks,   more  dredging  and  greater   inconvenience  to   shipping.  With  10,000 
c f s  as t h e  maximum acceptable   monthly mean f low,   the maximum annual  mean 
flow w i l l  l i ke ly   neve r   exceed   abou t   9 ,400   c f s   o r   9 ,500   c f s .   The re  are 
s e v e r a l   r e a s o n s   f o r   t h i s .  The c a n a l  i s  c l o s e d   t o   n a v i g a t i o n   f o r   t h r e e  
months  of  the year and  the  supply weir must  be  shut down occas iona l ly  
du r ing   t he   yea r   t o  assist in   canal   maintenance  and  vessel   manoeuvring.  
Also,   the  summit l e v e l  must usually  be  lowered a few f e e t   d u r i n g   t h e  
win te r  months to   a l low  main tenance  work. A t  such times t h e   f l o w   t o  DeCew 
F a l l s  w i l l  be  reduced.  Occasional  shutdowns  for  repair   and  maintenance 
a t  the  DeCew p l a n t s  w i l l  f u r t h e r   r e d u c e   t h e  amount of water which  can  be 
used  there.  

4.4.4  Environmental  Conditions 

The Welland  Canal i s  a man-made channel ,   cut   twenty-seven miles 
across  the  Niagara  Peninsula  between  Lakes Erie  and  Ontario. The c a n a l  
w a s  bu i l t   w i th   an   economic   pu rpose   i n  mind, t h a t  i s ,  t o   a l l o w   s h i p s   t o  
t r a n s i t   b e t w e e n   t h e  two l akes .  To be commercial ly   viable ,  i t  was 
des igned   jus t   wide   and   deep   enough  to   handle   the   l a rges t   sh ips   expec ted  
t o  b e   r e q u i r e d   i n  Great Lakes  t rade  during i t s  economic l i f e .   C a n a l  
banks were constructed  to  withstand  high  current  forces and  wave energies 
caused by such   sh ips .   S imi la r ly ,   the   channel  bed was b u i l t   t o   w i t h s t a n d  
h igh   cu r ren t s   and   t he   s eve re   s cour ing   fo rces  of sh ips '   p rope l l e r s .  The 
c a n a l  was a l s o   d e s i g n e d   t o  accommodate ( s t ruc tu ra l ly   and   env i ronmen ta l ly )  
a n t i c i p a t e d   i n c r e a s e s   i n  water demand fo r   nav iga t ion ,  power and  other  
uses .   In   th i s   contex t ,   the   "envi ronment"   for   the   Wel land   Canal  i s  a 
con t r ived   f ea tu re   wh ich  was n e v e r   i n t e n d e d   t o   s t a b i l i z e   c o m p l e t e l y .  
Testimony t o  t h i s  i s  a long   h i s tory  of continuous  change,  upgrading  and 
r e - r o u t i n g ;   i n   f a c t ,   t h e   c a n a l   h a s   b e e n   c o m p l e t e l y   r e - b u i l t   f o u r  times i n  
i t s  one  hundred  and f i f  ty-year   his tory.   Environmental   impacts  on t h e  
cana l   have   gone   v i r tua l ly   unrecognized  as such,   with  the  minor   mit igat ing 
modi f ica t ions   be ing  made as  p a r t  of  everyday  events  on  the  canal.  

4.4.5 Amount of  Diversion  and  Limitations 

The p r e s e n t   d i v e r s i o n  has averaged  7,600  cfs  from  1952  to  1976,  with 
a  maximum  annual  average of approximately 8,500 cfs. The diversion  was 
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i n c r e a s e d   f o r  a time i n  1973-74 t o   o f f s e t   t h e   r e d u c e d   d i v e r s i o n   d u r i n g  
t h e   f a l l   a n d   w i n t e r   p e r i o d ,  1972-1973, because of cons t ruc t ion   on   t he  
Welland  Canal. About  700 c f s   o f   t h i s   d i v e r s i o n  i s  d i scha rged   i n to   t he  
Welland  River  for water qua l i t y   pu rposes   and   t he reby   r e tu rned   t o   t he  
Niagara   River   above   the   fa l l s .  The average   has   increased   to   7 ,800   c fs  
f o r   t h e   p e r i o d  1952-79, wi th  a maximum va lue   o f   9 ,300   c f s   i n  1979. A s  
mentioned  above,  the maximum annual  mean flow w i l l  be unl ike ly   to   exceed  
9 ,400   t o   9 ,500   c f s .  

The I n t e r n a t i o n a l   J o i n t  Commission has no t   exe rc i sed   con t ro l   ove r  
flows i n   t h e   c a n a l .  The Board h a s   n o t   a t t e m p t e d   t o   i n t e r p r e t   t h e  
Commission's a u t h o r i t y   t o  exercise such   cont ro l .  However, t h e  amounts  of 
water d i v e r t e d  are r e p o r t e d   t o   t h e  two governments by t h e   I n t e r n a t i o n a l  
Niagara  Committee. 

4.4.6  Hydrologic  Effects  of  Existing  Diversion 

The d ivers ion   of  water through  the  Welland  Canal  increases  the 
outf low  capaci ty   of   Lake Erie. With an   average  of 7,000 c f s ,   t h e   l e v e l  
of  Lake Erie would  be  lowered by about  0.32 foot .   Because   the   l eve l  of 
Lake E r i e   t o  some d e g r e e   a f f e c t s   t h e   l e v e l s   o f   L a k e s  Michigan-Huron  and 
Superior ,   the   levels   of   these  lakes   have  dropped  about  0.17 foot   and 
0.04 f o o t   r e s p e c t i v e l y ,   d u e   t o   d i v e r s i o n  of water through  the  Welland 
C a n a l .   I n c r e a s i n g   t h i s   a v e r a g e   t o   a n   a n n u a l   v a l u e   o f   9 , 4 0 0   c f s  w i l l  
lower  Lake Erie by a n   a d d i t i o n a l  0.08 f o o t   ( a   t o t a l   l o w e r i n g  of  0.40 
foo t ) ,   Lakes  Michigan-Huron by 0.05 f o o t   ( t o t a l  0.22 foo t ) ,   and  Lake 
Superior  by 0.02 f o o t   ( t o t a l  0.06 f o o t ) .  

4.5 NEW YORK STATE BARGE CANAL 

4.5.1  General 

The New York State   Barge  Canal   System, owned and  operated by the  
S ta te   o f  New York ,   cons is t s   o f   four   in te rconnec ted   cana ls   ( see  
Figure  4-9):  the  Champlain, Erie, Oswego and Cayuga-Seneca Canals.  They 
were o r i g i n a l l y   c o n s t r u c t e d   i n   t h e   e a r l y  1800s a n d   r e c o n s t r u c t e d   i n   t h e i r  
p r e s e n t   f o m   i n  1918 for   the  purpose  of   developing  the commerce of 
New York State.  

4.5.2 His tory  

The i d e a  of j o in ing   t he  Hudson R i v e r   t o  Lake Erie with a man-made 
waterway was f i r s t   c o n c e i v e d   i n  1808.   Construct ion  of   the Erie Canal 
began i n  1817 and was comple ted   e ight   years  later i n  1825. The completed 
cana l   con ta ined   83   l ocks   and   s t r e t ched  363 miles from  Buffalo  to  Albany, 
New York  and a n   a d d i t i o n a l  150 miles down the  Hudson R i v e r   t o  New York 
City.  The or ig ina l   cana l ' s   40- foot   wid th   and   four - foot   depth ,   wi th  i t s  
locks   90   f ee t   i n   l eng th   and  10 f e e t   i n   w i d t h ,   e n a b l e d   b a r g e s   p u l l e d  by 
m u l e s   t o   h a u l   u p   t o  30 tons  of   cargo  a long  the  system a t  a ra te  of   three 
t o   f i v e  miles an  hour.  

During  the  1840s  and  1850s  the  canal was e n l a r g e d   t o  a depth of seven 
f e e t   a n d  a width of 70 f e e t  and  the  locks were expanded. Commerce 
f l o u r i s h e d   a l o n g   t h e   c a n a l   a n d   t r a f f i c   i n c r e a s e d   t o   o v e r   s i x   m i l l i o n   t o n s  
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a y e a r  by 1868. By t h e  ear ly  1880s  user   fees   on  the  canal   had  generated 
$42 m i l l i o n  more than   t he  $78 m i l l i o n   r e q u i r e d   t o   b u i l d ,   o p e r a t e ,  
main ta in   and   en large   the   cana l .   In   1883,   due   to   compet i t ion   wi th   the  
r a i l r o a d s ,   c a n a l   t r a f f i c   b e g a n   t o   d r o p .   I n   o r d e r   t o   p r e v e n t   f u r t h e r  loss 
of t r a f f i c ,  a s t a t e -wide   r e fe rendum  a l lowed   t he   t o l l s   on   t he   cana l   t o  be 
d iscont inued .  

Work began   on   the   p resent  New York State  Barge  Canal  System i n  1905 
and was completed i n  1918. D e s p i t e  t h e   f a c t   t h a t   t h e  new barge   cana l  was 
t h e  most  modern in land   waterway  in   the   wor ld ,   and   cons iderably   l a rger  
t han   t he   o ld  Erie Canal, i t  neve r   ca r r i ed  as much t r a f f i c   i n  any year as  
t h e   o r i g i n a l   c a n a l   d i d .  

4.5.3  Description  of  the  Present  System 

The Champlain Canal, l o c a t e d   i n   t h e  east c e n t r a l   p o r t i o n  of New York 
S ta t e ,   ex t ends  from t h e  Hudson River a t  Waterford,  New York, t o  
Whi teha l l ,  a t  the  head  of Lake Champlain. The Er i e   Cana l   c ros ses   t he  
length   o f  New York S ta t e   and   j o ins   t he  Hudson River a t  Waterford  with  the 
wes tern  pa r t  of New York S t a t e  a t  Tonawanda and  Buffalo  on  the  Niagara 
River.  The Oswego Canal   connects   the Erie Canal a t  Three  Rivers  Point 
with  Lake  Ontario a t  Oswego. The Cayuga-Seneca Canal connec ts   wi th   the  
Erie Canal a t  the  junction  of  the  Seneca  and  Clyde  Rivers,   and  extends  to 
Tthaca  on Cayuga  Lake  and t o  Montour Fa l l s ,  j u s t   s o u t h  of  Watkins Glen, 
on  Seneca  Lake. 

The en t i r e   ba rge   cana l   sys t em i s  512 miles long  and  consists  of 
214 miles of a r t i f i c i a l   l and -cu t   channe l s   and  298 miles of   cana l ized  
r i v e r s  and  lakes. The control l ing  depth  of   the  system i s  1 2  f e e t ,   e x c e p t  
f o r   t h e   e a s t e r n  Erie sec t ion   runn ing  from t h e  Hudson River   to   Three  
Rivers   Point   and  the Oswego sect ion,   which are 14 f ee t   deep .  The 
deepening  of   these  sect ions was p a r t  of t he  improvement project   funded by 
the  1935  Rivers  and  Harbors Act. I n   t h e   e a s t e r n  Erie sec t ion   t he   channe l  
i s  200 f e e t   w i d e   i n   r i v e r s   a n d  lakes, 104 f e e t  wide i n   e a r t h   c u t s  and 
1 2 0  f e e t  wide i n  rock   cu ts .  The remain ing   sec t ions  are  a l l  200 f e e t  wide 
i n   c a n a l i z e d   s e c t i o n s ,  75 f e e t  wide i n   e a r t h   c u t s  and  94 f e e t  wide i n  
rock   cu ts .  

There are 57 locks  on the   barge canal having a combined l i f t  of 
1 ,018 .4   fee t .  Most of   the  locks are ope ra t ed   u s ing   t he   o r ig ina l  
equipment   instal led  over   60  years   ago.   Several  of the  locks  have  been 
modernized  and  the  old  mechanical  machinery has been  replaced by 
hydraul ic   systems.   Locks  on  the  canal  are 310 fee t   long   and  45 f e e t  wide 
wi th   u sab le   space   fo r  a barge 300 fee t   long   and  43.5 f e e t  wide. I n  
comparison t o  modern waterways l i k e   t h e   M i s s i s s i p p i   a n d  Ohio  systems  the 
locks   on   the   barge   cana l  are small. Table 4-3 summarizes much of t he  
a hove. 

The water d ive r t ed   f rom  the   N iaga ra   R ive r   i n to   t he   cana l   en t e r s  Lake 
Ontar io  by f o u r   r o u t e s   i n  New York S t a t e :  a t  Lockpor t ,   in to   E ighteen  
Mile Creek; a t  Medina, i n t o  Oak Orchard  Creek; a t  Roches te r ,   in to   the  
Genesee  River ;   and  addi t ional ly ,   v ia   the Oswego r i v e r .  Water i s  d i v e r t e d  
a t  va r ious   l oca t ions   a long   t he   cana l   fo r   i r r i ga t ion   pu rposes   ( an  
indeterminant  amount)  and power product ion a t  Lockport ,  New York. Tn 
a d d i t i o n ,   t h e  water r e t u r n e d   t o  Lake Ontar io  i s  used   fo r  power product ion 
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Table  4-3 
PHYSICAL  DATA  ON  CANALS IN THE  NEW YORK STATE  BARGE  CANAL  SYSTEM 

Waterway 

WATERWAY  DIMENSIONS 

Canalized  river  sections 
and  lakes  Land  cuts  and  rock  sections 

Number 
Lift  Length  of  Length  Width  Depth  Length  Width  Depth 
(feet)  (miles)  locks(a)  (miles)  (feet)  (feet)(b)  (miles)  (feet)  (feet)(b) 

Champlain  Canal  (Waterford  168.3 60 11 36 200  12  24  75  in  12 
to  Whitehall)  earth, 

94 in 
rock 

Erie  Canal (Waterford  to  660.5  338.2  34(d) 161  200 
Tonawanda)  (c) 

F. 

w I Oswego  Canal  (Great  Lakes  118.6  23.8  7  23 200 
~n to Hudson River  Waterway- 

Three  Rivers  Point to 
Oswego  on  Lake  Ontario)  (c) 

Cayuga-Seneca  Canal  71 .O 90 4 78 300- 
(Mays  Point  to  Ithaca 110 
and  Montour  Falls) - 

To tal  1,018.4  512  56(d)  2  98 

(f) 

14 

12 

177 

1 104 in 14 
earth, 
120 in 
rock 

12  75 in 12 
earth, 
94 in 
rock 

- 

214 

(a) Lock  chambers  are  310  feet  long,  45  feet  wide,  with  12  feet  over  lock  sills  except as noted  in  comment  (c)  below. 
( b )  Depth  in  feet  at  normal  pool  level. 
(c) The  east  section  of  the  Erie  Canal  (Waterford  to  Three  Rivers  Point)  and  the  Oswego  Canal  (Three  Rivers  Point  to  Oswego 

(d) In  addition,  there  is  one  lock,  the  Utica  Harbor  Lock,  maintained  as  part  of  the  canal  system. 
(e) 104 feet  in  earth  and  120  feet  in  rock  for  the  east  section,  75  feet  in  earth  and 94 feet  in  rock  for  the  west  section 

(f) 14 feet for  the  east  section  (part  of  the  existing  federal  project), 12 feet  for  the  west  section. 

on Lake Ontario)  constitute  the  existing  federal  project  for  the  Great  Lakes  to  Hudson  River  Waterway. 

(Three  Rivers  Point  to  Tonawanda). 



a t  two p lan t s   on  Oak Orchard  Creek,  one  plant  on  the Genesee River  and 
s i x   p l a n t s   o n   t h e  Oswego River.  

4.5.4 Environmental  Conditions 

(a)   General .   Throughout   the  region  t raversed by t h e  New York S t a t e  
Barge  Canal  System,  both waters and   wi ld l i fe   have   been   ex tens ive ly  
modified by man's a c t i v i t i e s .   I n  some par ts  of t he   sys t em  the   va r i e ty  of 
f i sh   f auna   has   i nc reased   due   t o   t he   s tock ing   o f   non-na t ive   spec ie s   and  
t h e   t r a n s l o c a t i o n  of o the r   spec ie s   v i a   mig ra t ion   t h rough   i n t e rconnec t ing  
cana l   waterways .   In   o ther  parts, however,  reductions i n   f i s h   f a u n a   h a v e  
occurred.  Anadromous f i s h  spawning  runs  have  been  blocked by dams and 
wetland  spawning areas have  been  eradicated by drainage  and  dredging 
programs. Many n a t u r a l ,   f o o d - r i c h ,   r i f f l e  streams have  been  degraded by 
channel iza t ion   and  water q u a l i t y   h a s   d e t e r i o r a t e d  as  a r e s u l t  of 
domes t i c ,   ag r i cu l tu ra l ,   i ndus t r i a l   and   nav iga t iona l   po l lu t ion .   Lakes  
have  been  created,   and/or   modif ied,  by f lood   con t ro l   p ro j ec t s ,   and  stream 
flows  and  temperature   regimes  have  been  a l tered by engineering  works. 
A l l  o f   t hese   f ac to r s   have  combined t o  exert a s ign i f i can t   impac t   on  
a q u a t i c   r e s o u r c e s .   I n  most i n s t a n c e s ,  however, t h e   e x t e n t  of t h i s  impact  
has  not  been well documented. 

(b )   F i sh .   F i she ry   hab i t a t   w i th in   t he  New York S ta te  Barge  Canal 
System  and  attendant waters varies from  high  to  low qua l i ty .   Hab i t a t  
types ,  which range from warm to   very   co ld   and   s low moving t o   s w i f t ,  
i nc lude  small b r o o k s ,   l a r g e   r i v e r s   a n d   l a k e s .  For t h e  most p a r t ,  t h e  
dra inage  areas of  the Mohawk River,  Oneida  River, Oswego River,  Seneca 
River,   Clyde  River,   Niagara  River,  Lake  Oneida,  Cross  Lake  and  the 
l and-cu t   s ec t ions  of t he   cana l   suppor t  warmwater f i s h e s .  Lake E r i e ,  Lake 
Ontario,   Seneca Lake  and Cayuga Lake support   both warm and  coldwater 
f i s h .  Most t r i b u t a r i e s   o f   t h e s e  main  bodies  of water are p a r t i a l l y   o r  
t o t a l l y   c o l d w a t e r   s p e c i e s   h a b i t a t .  'In g e n e r a l ,   t h e   h i g h e s t   q u a l i t y  
f i s h e r y   h a b i t a t  i s  found i n  unchannelized  and undammed por t ions   o f   bas in  
streams. These are followed i n  descending  order   of   qual i ty  by l a r g e  
channel ized streams and   l akes ,   fu l ly   channe l i zed  streams, and s i n g l e  
p u r p o s e   i n d u s t r i a l   r e s e r v o i r s .  The l o w e s t   q u a l i t y   f i s h e r y   h a b i t a t  i s  
represented  by land-cut   cana l   sec t ions .  

F ishery   resource   inventor ies   o f   the   var ious   d ra inage  areas bounded by 
t h e  New York S t a t e   B a r g e  Canal System  have  been  sporadic  both i n  
d is t r ibu t ion   and   magni tude   over   the   pas t  50 years .  The b i o l o g i c a l  
surveys  conducted  around  the  1930s by the  N e w  York Sta te   Conserva t ion  
Depar tment   remain   the   on ly   in format ion   ava i lab le   for  many sec t ions   o f   the  
barge   cana l .   Per t inent   surveys  are those  covering  the  Erie-Niagara,  Lake 
Ontar io ,  Oswego River  and Hudson-Mohawk watersheds.  

I n  a l l ,  133   f i sh   spec ie s   have   been  documented f o r   t h e   e n t i r e   b a r g e  
canal   system. The p r i n c i p a l  game f i s h  known to   be   w i th in   t he   d ra inage  
areas of   the sys t em are smallmouth  bass ,   largemouth  bass ,   chain  pickerel ,  
northern  pike,   muskellunge,  American eel ,  rainbow smelt, sauger ,   wal leye,  
brown t rou t ,   b rook   t rou t ,   r a inbow  t rou t ,   l ake   t rou t   and   A t l an t i c  salmon. 
Popular   panf i sh   inc lude   pumpkinseed ,   g reen   sunf i sh ,   b luegi l l ,   rock   bass ,  
b l ack   c r app ie ,   wh i t e  crappie ,  redbreas t   sunf i sh ,   whi te   bass ,   whi te   perch  
and  yellow  perch. Dominant i c t a l u r i d s   i n c l u d e   t h e  brown bullhead  and 
channe l   ca t f i sh .   La rge   fo rage  species inc lude  carp ,  go ld f i sh ,   wh i t e  
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sucker ,   shorthead  redhorse,   qui l lback  bowfin,   longnose  gar   and  f reshwater  
drum. Juvenile  blueback  herring  have  been  found i n   t h e   e a s t e r n   s e c t i o n  
of t h e  Erie Canal and  the sea lamprey i s  d is t r ibu ted   th roughout   the  
e n t i r e  New York State   Barge  Canal  System. 

Sizeable  salmonid  stocking  programs  have  been  undertaken by the  New 
York State  Department  of  Environmental   Conservation i n  a number of 
dra inage  areas and waters ad jacen t  t o  the   barge   cana l .  Lake t rou t ,   b rook  
t r o u t ,  brown t rou t   and   r a inbow  t rou t   have   been   s tocked   i n   t r i bu ta r i e s   o f  
Oneida  Lake,  Seneca L a k e ,  Cayuga Lake  and the Mohawk River .  Chinook  and 
coho  salmon  have  been  stocked i n  both Lake Erie and  Lake  Ontario  and 
ca t ches  have  been  recorded in   the   Niagara   River   and   the  mouth of 
Tonawanda Creek, waters a t t e n d a n t   t o   t h e   w e s t e r n   p o r t i o n  of the   barge  
cana l .  

Aside  f rom  these  s tocking  programs  and  the  inventor ies   previously 
mentioned, l i t t l e  o t h e r   f i s h e r i e s  work has been  conducted  on  the  main 
c a n a l  by the  N e w  York State   Department  of Environmental  Conservation, 
U.S. F ish   and   Wi ld l i fe   Serv ice   o r   any   o ther   educa t iona l   o r   envi ronmenta l  
agency.   Consequent ly ,   adequate   comprehensive,   qual i ta t ive  and 
q u a n t i t a t i v e   d a t a   d e s c r i b i n g   t h e   c u r r e n t   f i s h e r y   r e s o u r c e s   o f   t h e  New 
York S t a t e  Barge Canal System are lacking.  

(c)  Water Qua l i ty .   D i scha rge   o f   po l lu t an t s   i n to   t he   cana l   sys t em 
has   been ,   and   cont inues   to   be ,  a s e r i o u s   t h r e a t   t o   a q u a t i c   l i f e .  
Domestic  and i n d u s t r i a l   e f f l u e n t s  from t h e  Cities of  Buffalo,  Tonawanda, 
Ful ton,  Oswego, Rochester,  Rome, Utica  and  Schenectady,  have  created low 
d i s s o l v e d   o x y g e n   l e v e l s   i n  canal waterways  (State  of New York 
Conservation  Department  1928,  1929,  1935,  1940).  Although some of   the 
more severe  pollution  problems  have  been  improved in   r ecen t   yea r s ,   Ha ines  
and E l l i s  (1977)  found  continued  evidence of d o m e s t i c   p o l l u t i o n   i n   t h e  
form  of   h igh   co l i form  bac ter ia   counts   in   the   wes te rn   por t ion  of t h e  Erie 
Canal. The New York State   Department  of Health  has  monitored water 
qua l i ty   and   conducted   benth ic   inventor ies   a long   the   barge   cana l   f rom 
Tonawanda t o  Albany. I t  r epor t s   t he   p re sence  of heavy  loads of organic  
po l lu t ion   i n   t hose   po r t ions   o f   t he   cana l   be tween  Tonawanda and  Hulberton, 
downstream  of  Rochester to  Palmyra,  downstream  of Rome t o  east of Utica, 
and in   the   Scot ia -Schenec tady  area. The e f f ec t s   o f   bo th   o rgan ic   and  
t o x i c   p o l l u t a n t s  were d e t e c t e d   i n   t h e s e   r e a c h e s ;   t h e   o l i g o c h a e t e  worm, 
which i s  t o l e r a n t   o f  low d i s so lved  oxygen l e v e l s ,  i s  the  major   benthic  
organism  present.  A heavy metals problem was e v i d e n t   i n   t h e  Rome-Utica 
area. These  pollution  problems are d e t r i m e n t a l   t o  a h e a l t h y   f i s h e r y  
because   t hey   l ead   t o   t he   su rv iva l  of less d e s i r a b l e   f i s h   o v e r  game f i s h  
and  more o f t e n   t h a n   n o t   l e a d   t o   f i s h   k i l l s .  

The r e s idues  of organochlor ine compounds used i n   a g r i c u l t u r a l  
pes t ic ides   have   a l so   been   found  in   bo t tom  sed iments   th roughout   the   cana l  
sys tem.   Col lec t ive ly ,   these   tox ic   chemica ls   represent   an   ex t reme  danger  
t o   a q u a t i c   l i f e   a n d  man. They do  not   break down q u i c k l y   i n   t h e  
environment   and  therefore   readi ly  become c o n c e n t r a t e d   i n   t h e   a q u a t i c   f o o d  
chain.   Organochlorine compounds are known t o   i n h i b i t   r e p r o d u c t i o n   o f  
f i s h ,   b i r d s  and mammals. 

The rma l   po l lu t ion   i n   t he  New York State  Barge  Canal  System i s  a l s o  a 
problem  and  occurs   pr incipal ly  i n  t r i b u t a r y  streams on which dams have 
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been   cons t ruc ted .  The l a r g e   s u r f a c e  area of   the  impounded water i s  
e a s i l y  warmed dur ing   the  summer months. When released  downstream,  the 
warm water   renders   former  salmonid  habi ta t   incapable   of   support ing  t rout  
populat ions.  

P r a c t i c e s   c o n t r o l l i n g   t h e   c a n a l ' s  water l e v e l   a r e   a l s o   d e t r i m e n t a l   t o  
f i s h e r y   r e s o u r c e s .  Many sec t ions   o f   the   barge   cana l  are dra ined   annual ly  
du r iw   t he   w in te r   mon ths ,   t he reby   abus ing   subs t an t i a l   ac reages  of a q u a t i c  
and  benthic   habi ta ts .   Benthic   product ion i s  not   only  suppressed by 
in t rus ions   o f   mun ic ipa l   and   i ndus t r i a l   o rgan ic   and   t ox ic  wastes, bu t  more 
i m p o r t a n t l y ,   a l s o  by phys ica l   d i s rup t ions   o f   t he   t r i bu ta ry  streams 
through  operation  and  maintenance of the  barge  canal.  Probably  the  most 
i m p o r t a n t   f a c t o r   c o n t r i b u t i n g   t o   t h i s   c o n d i t i o n  i s  t h e   l o s s   o f  
micro-habitat   caused by r ep lac ing   t he  normal success ion  of r i f f l e s  and 
pools   wi th  a series of   navigat ion  pools   of   general ly   uniform  depth  and 
c u r r e n t   v e l o c i t y .  

( d )  Wildlife/Wetlands.  By f a r   t h e  most  important  and  valuable 
w i l d l i f e   h a b i t a t   a s s o c i a t e d   w i t h   t h e   p r o j e c t  area are wetland  acreages.  
V a l u a b l e   w i l d l i f e   s p e c i e s   a s s o c i a t e d   w i t h   t h e   c a n a l   i n c l u d e   f u r b e a r e r s ,  
small game, b i g  game, waterfowl  and  songbirds.  Muskrat,  beaver,  mink  and 
wease l   popula t ions  are d i r ec t ly   dependen t   on   t he   we t l ands   ad jacen t   t o   t he  
cana l .  Muskrat  populations are l a rge   and   suppor t  a s i g n i f i c a n t   t r a p p i n g  
e f f o r t .   O t h e r  mammals supported by the   wet lands   a re   the   racoon,   g ray  
f o x ,   r e d   f o x ,   c o y o t e ,   c o t t o n t a i l   r a b b i t   a n d   w h i t e - t a i l e d   d e e r .  

Resident  and  migratory  waterfowl are abundant.   Adjacent  canal 
wet lands   p rovide   these   b i rds   wi th   necessary   re fuge ,   food   and   breeding  
grounds.  Mallards,  black  ducks,  blue-winged tea l ,  green-winged tea l  and 
wood ducks are the   dominant   res ident   spec ies .   Water fowl   tha t   f requent  
t h e  area as  migrants   inc lude   the  Canada goose ,   p in t a i l ,   shove le r ,  
gadwall,  American  widgeon, common goldeneye,   redhead,   canvasback,   greater  
and lesser scaup,  buffelhead,  white-winged  scoter  and hooded  merganser. 

I n   a d d i t i o n   t o   w a t e r f o w l  many o the r   spec ie s   o f   b i rds  are found i n  
abundance  within  the  wet land  habi ta t .   Chamberlain  (1974)   anu  Page  (1975,  
1978)  have  documented  over  140 species of b i r d s  a t  Utica Marsh and   o ther  
wet lands   wi th in   the  Mohawk River   f loodplain.  Data on the  abundance  and 
d i s t r i b u t i o n  of b i r d l i f e  are l ack ing   fo r   o the r   r eg ions   o f   t he   ba rge   cana l  
sys tem.  However, on   the   ad jacent  Idontezuma National  Wildlife  Refuge 
a lone ,   over  280 species of  birds  can  be  observed  throughout  the year. 
Herons,   terns ,   shorebirds   and  songbirds  are common i n   t h e   r e f u g e   w h i l e  
waterfowl number as  h igh  as  140,000  geese in   Apr i l   and   150 ,000   ducks   i n  
October.   Large  numbers  of  birds  that   feed,  nest   or rest on  the  refuge 
a l s o   u t i l i z e   w e t l a n d  areas a d j a c e n t   t o   t h e   b a r g e   c a n a l  beyond the   re fuge  
boundaries.  

Endanrered  SDecies 

Federa l ly-des igna ted   endangered   wi ld l i fe   spec ies   assoc ia ted   wi th   the  
barge   cana l   inc lude   the   ba ld   eag le   and   the  American peregr ine   fa lcon .  
New York State-designated  endangered  species  are the  osprey  and  the bog 
t u r t l e .  The bald  eagle ,   osprey  and  peregrine  fa lcon are migratory  and  no 
nes t ing  si tes a r e  known, except   for  a bald  eagle   re introduct ion program 
underway a t  t h e  Montezuma National  Wildlife  Refuge. Both the   ba ld   eag le  
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and  osprey   can   be   cons idered   wet land   dependent  as  t h e i r   p r i n c i p a l   f o o d  i s  
f i s h .   H a b i t a t   s u i t a b l e   f o r   t h e  bog t u r t l e   e x i s t s   i n   t h e   d r a i n a g e  areas 
of t h e  Upper  Hudson,  Lake  Champlain, Mohawk River  and  Oneida  River.   Data 
on i t s  c u r r e n t   a b u n d a n c e   a n d   d i s t r i b u t i o n  are lacking.   Other   endangered 
o r   t h r e a t e n e d   f l o r a   a n d   f a u n a   i n   t h e   b a r g e   c a n a l   s y s t e m   h a v e   n o t   b e e n  
i d e n t i f i e d  a t  t h e   p r e s e n t  time. 

Wet l a n d s  

I t  i s  e s t i m a t e d   t h a t   t h e r e  are 27,500 a c r e s   o f   w e t l a n d   c o n t i g u o u s   t o  
the   main   barge   cana l   sys tem  f rom Tonawanda to   T roy ,   exc lud ing   t he  
Montezurna Nat iona l   Wi ld l i fe   Refuge   and   the   s ta te -owned Howland I s l a n d  
Game Refuge.  There are a n   a d d i t i o n a l   9 0 0  acres of   wet land   a long   the  
Oswego River   between  Three  Rivers   Point   and  Lake  Ontar io .  Xany o t h e r  
l a r g e   a n d  small p r i v a t e l y  owned wetlands,   formed by l i t t o r a l   l a k e  areas, 
oxbows ,   bypassed   r i ve r   s ec t ions   o r   cana l   w ide  waters, plus  permanent  and 
seasona l ly   f l ooded   marshes   and  swamp are p resen t   t h roughou t   t he   ba rge  
cana l   sys t em.   Exac t   ac reages  are unknown a n d   r e m a i n   t o   b e   i d e n t i f i e d .  

Seve ra l   un ique   and   va luab le   we t l and  areas n e c e s s a r y   f o r   t h e  
p e r p e t u a t i o n   o f   w a t e r - d e p e n d e n t   w i l d l i f e   h a v e   b e e n   p r e s e r v e d   i n   s p i t e   o f  
con t inued   ma in tenance   d redg ing   and   spo i l   d i sposa l   w i th in   t he   ba rge  
c a n a l .   B o t h   t h e   f e d e r a l   a n d   s t a t e   g o v e r n m e n t s   h a v e   p u r c h a s e d   w e t l a n d s  
f o r   p r o t e c t i v e   a n d  management purposes .  The  two l a r g e s t   w e t l a n d   r e f u g e s  
w i t h i n   t h e   c a n a l   d r a i n a g e   s y s t e m  are the  6 ,000-acre  Montezuma N a t i o n a l  
Wildl i fe   Refuge  and  the  3 ,600-acre  Howland ' Is land  Wildl i fe   Refuge.  
Table  4-4 summarizes   es t imated  wet land  and  open water a c r e a g e s   a s s o c i a t e d  
w i t h   t h e   b a r g e   c a n a l   s y s t e m .  

Rec rea t iona l   Resources  

The New York S ta te  Department   of   Environmental   Conservat ion  reports  
t ha t   wa te r fowl   and  small game h u n t i n g  i s  al lowed  a long  most   port ions  of  
t h e   c a n a l ' s   l e n g t h   e x c e p t  on l a n d s   a d j a c e n t   t o   l o c k s   a n d   t o w n s .  
U t i l i z a t i o n   f o r   h u n t i n g   v a r i e s   f r o m   l i g h t   t o   h e a v y ,   d e p e n d i n g   o n  access 
a n d   h a b i t a t   q u a l i t y .   M u s k r a t s   s u p p o r t   a n   e x t e n s i v e   t r a p p i n g   e f f o r t  
t h roughou t   t he   cana l   sys t em,   bu t   t he  canal's c o n t r i b u t i o n   t o   t h e   o v e r a l l  
s t a t e  t r a p p i -  e f fo r t  i s  unknown. Use of the  canal s y s t e m   f o r   f i s h i n g  
a l s o  v a r i e s   f r o m   l i g h t   t o   h e a v y ,   d e p e n d i n g   o n  water q u a l i t y   a n d  access. 
F i s h i n g   w i t h i n   t h e  Mohawk and  Oneida  drainage areas i s  l i g h t  clue t o  
p u b l i c   s u s p i c i o n   t h a t   t h e   f i s h  are contaminated by p o l l u t i o n .  However, 
w i t h  a d e c r e a s e   i n   p o l l u t i o n   s o u r c e s   a n d   i n c r e a s e d   p u b l i c   a w a r e n e s s   o f  
t h e   f i s h e r y   p o t e n t i a l ,   f i s h i n g  i s  e x p e c t e d   t o   i n c r e a s e   i n   t h e   f u t u r e .  
R e c e n t   a e r i a l   c e n s u s   d a t a   p r o v i d e d  by t h e  s t a t e  conse rva t ion   agency  show 
a m a r k e d   i n c r e a s e   i n   a n g l i n g   a l o n g   t h e  Mohawk River   between  St .  
Johnsvi l le   and  Cohoes  f rom  1973  to   1977.  The a v e r a g e  number o f   a n g l e r s  
p e r   f l i g h t  mile quadrupled i n  a f o u r   y e a r   p e r i o d .   A l t h o u g h   u t i l i z a t i o n  
o f   t he   One ida   R ive r   fo r   f i sh ing   can   be   desc r ibed  a s  h e a v y ,   a c t u a l   d a t a  on 
a n g l e r   u s e  are u n a v a i l a b l e .  

A d d i t i o n a l   r e c r e a t i o n a l   a c t i v i t i e s   h a v e   b e e n   d o c u m e n t e d  by Haines  and 
Ellis (1977) ,  who conducted a l i m i t e d   r e c r e a t i o n   u s e   s u r v e y  (124  
obse rva t ions )   a long   t he   ba rge   cana l   f rom  Lockpor t   t o   C lyde ,  New York, 
d u r i n g  May, June  and  August ,  1976.  S i x   d i f f e r e n t   r e c r e a t i o n a l   a c t i v i t i e s  
were observed .   F ish ing  was the   mos t   impor t an t   ac t iv i ty   and   accoun ted   fo r  
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Table 4-4 
WETLANDS AND WATERS OF THE NEW YORK STATE BARGE CANAL SYSTEM 

Waterway or   Other  Acres of Wetlands 

Erie Canal 
(Tonawanda to   Troy)   27 ,545  

Oswego Cana 1 
(Three   R ive r s   Po in t   t o  
Oswego) 8 88 

Acres of Open Water 

19,326 

2,167 

Seneca-Cayuga Canal 
(Seheca   Park   to  
Clyde  River) 655  701 

Cross  Lake " 1,920 

Oneida  Lake " 50,000 

Onondaga Lake " 3,010 

Montezuma Nat iona l  
Wildl i fe   Refuge  6 ,000 

Howland I s l a n d  
Wildl i fe   Refuge 3,600 " 

Vanderbi l t  Marsh 1,900 " 

Galen  Marsh 6 00 " 

Oneida  and  Herkimer 
Counties   (Pr ivate)   11,500(1)  

Totals   52,688 7 7 , 1 2 4  

( 1 )  It i s  no t  known what  proportion of t h i s   f i g u r e  i s  i n c l u d e d   i n   t h e  
t o t a l   f o r   t h e  Erie Canal (Tonawanda to   T roy) .  
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4 1  percent  of a l l  users   observed.   Relaxing,   p leasure  boat ing,   h iking,  
b icyc l ing   and  swimming, i n  descending  order  of  importance,  were t h e   o t h e r  
a c t i v i t i e s   o b s e r v e d .  More i n t e n s i v e   s t u d i e s   o f   t h i s  t y p e  are needed i f  
t he   r ec rea t iona l   r e sources   o f   t he   p ro j ec t  area are  to   be   adequate ly  
assessed .  

4.5.5 Amount of   Diversion  and  Limitat ions 

The amount  of water diver ted  through  the  canal   f rom  the  Niagara  River  
va r i e s   s easona l ly   and   ave rages   abou t  700 c f s   w i t h  a maximum flow  during 
the   nav iga t ion   s eason   (Apr i l   t o  November) of  1,100 c f s ,   wh ich  i s  the  
l imi t ing   f low.  A con t ro l   ga t e   nea r   Pend le ton ,  New York, p e r m i t s  t he  
canal  to  be  de-watered  during  the  non-navigation  months.  

The I n t e r n a t i o n a l   J o i n t  Commission h a s   n o t   e x e r c i s e d   c o n t r o l   o v e r  
flows i n   t h e   c a n a l .  The Board h a s   n o t   a t t e m p t e d   t o   i n t e r p r e t   t h e  
Commission's a u t h o r i t y   t o   e x e r c i s e   s u c h   c o n t r o l .  However, t h e  amounts of 
water d i v e r t e d  are r e p o r t e d   t o   t h e  two governments by t h e   I n t e r n a t i o n a l  
Niagara Committee. 

4.5.6  Hydrologic  Effects of Exis t ing   Divers ion  

The New York S t a t e  Barge  Canal has a very  l imited  capaci ty   and  draws 
i t s  water from  the  Niagara  River a t  Tonawanda, New York.  Tonawanda i s  
loca ted  downstream  of t h e   n a t u r a l   h y d r a u l i c   c o n t r o l   s e c t i o n  of t he  
Niagara  River.  Hence,  any water withdrawn  below  the  hydraul ic   control  
s e c t i o n   h a s  no e f f e c t   o n  Lake Erie o r   t he   l akes   ups t r eam.  However, t h e  
d i v e r s i o n   r e s u l t s   i n  a r educ t ion  of f low of the  Niagara  River  below 
Tonawanda. 

4.6  Other Minor Divers ions  

During  the  course of t he   s tudy ,   t he   ex i s t ence  of a number of small 
d i v e r s i o n s  came to   t he   Boa rd ' s   a t t en t ion .  Two minor   divers ions,   the  
Det ro i t   domest ic  water sys t em and  the Simcoe Diversion,  are b r i e f l y  
described  below a s  examples  of small, and  of ten  undocumented,   d ivers ion 
p r o j e c t s   i n  the Great Lakes basin.  

Since  1975,   the  Detroi t ,   Michigan  domest ic  water system  has  withdrawn 
approximately  145  cfs  from  Lake Huron, the  bulk  of  which i s  r e t u r n e d   t o  
the  system. However, t h i s   d i v e r s i o n   h a s  no e f f e c t   o n  Lake E r i e   l e v e l s  
and  non-measurable  impacts  on Lake  Huron l e v e l s .  The Detroi t   domest ic  
d i v e r s i o n  was inves t iga ted   fur ther   under   the   consumpt ive   uses   por t ion   o f  
the   s tudy .  

The Simcoe Diversion i s  a municipal   sewage  disposal   project   which i s  
s t i l l  in   the  development   s tage.   Municipal   sewage  f low  f rom  several  
m u n i c i p a l i t i e s   i n   t h e  Lake  Simcoe (Georgian Bay) dra inage   bas in  w i l l  be 
pumped t o   t h e  Lake Ontar io   d ra inage   bas in   v ia   the  York-Durham sewer 
sys t em f o r   t r e a t m e n t  a t  P icker ing ,   Ontar io .  The f low i s  e s t i m a t e d   t o  
reach  25 c f s  by the   yea r  2000 a n d   c o n s t i t u t e s  a d i v e r s i o n  from  Lake Huron 
t o  Lake  Ontario. 
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S e c t i o n  5 

SELECTION OF LEVEL AND FLOW 
REGIME FOR COMPARISON  PURPOSES 

5.1 General  

Throughout   the  l a s t  100 y e a r s  man has i n t e r v e n e d   i n   t h e   n a t u r a l   r e g i m e  
of t h e  Great L a k e s .   T h i s   i n t e r v e n t i o n   h a s   r e s u l t e d   i n   c h a n g e s   i n   t h e  
amount of d i v e r s i o n s   i n t o ,   o u t   o f   o r   w i t h i n   t h e  Great Lakes,  improvement 
a n d   c h a n g e s   t o   t h e   c o n f i g u r a t i o n  of t he   connec t ing   channe l s   and   t he  
c o n s t r u c t i o n  of cont ro l   works  a t  the   ou t l e t s   o f   Lakes   Supe r io r   and   On ta r io .  
The r e c o r d e d   d a t a   r e f l e c t   t h e s e   c h a n g i n g   c o n d i t i o n s   o v e r  time and, 
t he re fo re ,   do   no t   p rov ide   fo r  a uniform  comparison  base.   In   order   to  
provide   th i s   un i form  base   (bas i s -of -compar ison)  a set of l e v e l s   a n d  
outf lows  has   been  computed,   employing  the  recorded water suppl ies ,   assuming 
the   phys i ca l   and   o the r   cond i t ions   had   been   cons t an t   i n s t ead  of vary ing ,  
d u r i n g   t h e   s t u d y   p e r i o d .  

5.2 Se lec t ed   S tudy   Pe r iod  

Al though  observa t ions  of t h e  water l e v e l s  of t h e  Great Lakes  have  been 
t aken   a lmos t   con t inuous ly   s ince   1860 ,   on ly  a few  discharge  measurements of 
the  outf lows from the   l akes  were made prior t o   t h e  turn of the  century.  In 
o r d e r   t o   u s e  as u n i f o r m l y   c o n s i s t e n t   a n d   r e l i a b l e   o b s e r v a t i o n s  as p o s s i b l e  
f o r   e a c h  of t h e   l a k e s   a n d   t h e i r   o u t l e t   r i v e r s ,   a n d   a l s o   t o   h a v e  a 
r easonab ly   l ong   r eco rd   fo r   deve lop ing   and   eva lua t ing   d ive r s ion  management 
s c e n a r i o s ,   t h e   p e r i o d   f r o m   J a n u a r y   1 9 0 0   t o  December 1976 was s e l e c t e d   f o r  
t h i s   s tudy .   Th i s   77 -yea r   pe r iod  i s  r e f e r r e d   t o  as the "study  per iod" 
t h r o u g h o u t   t h i s   r e p o r t .  It con ta ins   bas in -wide   d rough t s ,   such  as those   o f  
t h e  mid-1930s  and  mid-l960s, as well as s e v e r a l   h i g h   s u p p l y   p e r i o d s ,   s u c h  
as t h o s e   i n  1928-1929,  1951-1952  and  1971-1973. For t h i s   r e a s o n ,  i t  was 
c o n s i d e r e d   t h a t   h y d r o l o g i c   c o n d i t i o n s   i n   t h e  Great Lakes   bas in   ove r   t he  77 
y e a r s  are s a t i s f a c t o r i l y   r e p r e s e n t a t i v e  of the   hydro logy   of   the  Great Lakes 
a n d   s u i t a b l e  as a b a s e   f o r   e v a l u a t i n g   t h e   e f f e c t s  of   d ivers ions   and  
consumptive  uses.  

5.3 Recorded Data 

The r e c o r d e d   d a t a ,   s u c h  as water l e v e l s ,   r i v e r   f l o w s   a n d   d i v e r s i o n s ,  
were t aken   f rom  r eco rds  on f i l e   i n   t h e   U n i t e d  States a t  t h e   N a t i o n a l  
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Oceanic   and  Atmospheric   Adminis t ra t ion,   Department  of Commerce, and a t  t h e  
Department o f  t h e  Army, D e t r o i t  Dis t r ic t ,  Corps of Engineers;   and in Canada 
a t   t h e   I n l a n d  Waters Di rec to ra t e ,   Depa r tmen t  of the  Environment ,   and  the 
Marine  Environmental   Data Service o f  the   Department  of F i s h e r i e s   a n d  
Oceans. The val.ues  developed by the  Coordinat ing  Commit tee  on Great  Lakes 
Bas ic   Hydraul ic   and   Hydrologic   Data   and   agreed   to  by user   Eedera l   agencies  
of  b o t h   c o u n t r i e s  were employed  where  possiSle.  Where r equ i r ed   coord ina ted  
d a t a   d i d   n o t   e x i s t ,   t h e   n n s s i n g   i n f o r m a t i o n  was deve loped   du r ing   t he   s tudy .  

5.4 Assumptions 

To d e t e r m i n e   t h e   r e q u i r e d  water supply   da ta   (Subsec t ion   5 .5 .1)   and  
develop   the   bas i s -of -compar ison   the   fo l lowing   assumpt ions  were made: 

a. t h a t  no adjustments  would  be made t o   t h e   r e c o r d e d   d a t a   t o  reFlect 
changes in t h e   c h a r a c t e r i s t i c s  of t h e  Great Lakes   bas in   over   the   s tudy  
pe r iod ;   such  as,  t r i b u t a r y  stream r e g u l a t i o n ,   i n c r e a s e d   u r b a n i z a t i o n ,  
de fo res t a t ion ,   consumpt ive   u ses ,  e tc . ;  

b. t h a t   d u e   t o   t h e   l a r g e   a r e a  of each  of t h e  Great Lakes i n  
compar i son   t o   changes   i n   t he   a r ea  as a r e s u l t  o€ c h a n g e s   i n   l e v e l ,  a s i n g l e  
s t o r a g e   c o n v e r s i o n   c o n s t a n t   c a n  be used   fo r   each   l ake ,   va l id   ove r  i t s  
e n t i r e   r a n g e  of l e v e l s .   T h e s e   c o n s t a n t s  re la te  a change i n  leve l ,   measured  
in fee t ,  t o   t h e  volume of water r e p r e s e n t e d  by i t ,  measured i n  cfs-months. 
They are as f o l l o w s :  

Lake  Superior  = 0.00296 foot   per   thousand  cubic   fee t   per   second 
for   one  month  ( tcfs-mo.)  or  337,800  cubic  feet  
per  second  for  one month per foot ,   (c fs -mo. /€ t . )  

Lakes  Michigan-Huron = 0.00208  ft./tcfs-mo. OK 480,800  cfs-mo./ft.  

Lake Erie  = 0.00951  ft./tcfs-mo. O K  105,200  cfs-mo./ft .  

Lake   Ontar   io  = 0.0125  ft./tcfs-mo. OK 80,000 cfs-mo./ft . ;  

c. t h a t  all months  have  the same number of days  (30.4  days). 

5.5  Derived  Data 

D e r i v e d   d a t a   i n c l u d e   t h e   l a k e   b a s i n   s u p p l i e s   a n d   s e a s o n a l  f low 
r e t a r d a t i o n s  i n  the   connec t ing   channe l s .  Due t o   t h e i r   l a r g e r   s u r f a c e  
a r e a s ,   t h e   l e v e l s  o f  Lakes  Superior   and  Michigan-l luron  are  less s e n s i t i v e  
t o   c h a n g e s   i n  water s u p p l y   t h a n   t h e   l e v e l s  of  Lakes Er Le and  Ontario.  For  
example ,   the   Lake   Ontar io   response  i s  s i x  times l a r g e r   t h a n   L a k e s  
? 4 i c h i g a n - € l u r o n .   F o r   t h i s   r e a s o n ,   t h e   b a s i c   d a t a   u s e d   i n   t h i s   s t u d y  were 
developed  and  coordinated  in   monthly  per iods  for   Lakes  Superior   and 
Michigan-Huron  and in   qua r t e r -mon th ly   pe r iods   fo r   Lakes  Erie and  Ontario.  
Since  Lake S t .  C l a i r  ref lects  cond i t ions   ma in ly  on Lakes  Xichigan-Huron, 
monthly  per iods were employed  on t h a t   l a k e .  Data d e r i v e d   f o r   t h i s   s t u d y  
a r e   d e s c r i b e d   i n   t h e   f o l l o w i n g   s u b s e c t i o n s .  
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5.5.1 Net Ras in   Supp l i e s  

Net bas in   supp ly  i s  a term u s e d   t o   d e s c r i b e   t h e  water which a l a k e  
r e c e i v e s   f r o m   p r e c i p i t a t i o n  on i t s  sur face   and   runoff   f rom i t s  own l a n d  
d r a i n a g e   b a s i n  less t h e   n e t  eEfect of evaporat ion  f rom  and  condensat ion on 
t h e   l a k e   s u r f a c e .   A l t h o u g h   p r e s e n t l y   a v a i l a b l e   t e c h n i q u e s   d o   n o t  permit 
t h e   a c c u r a t e   d e t e r m i n a t i o n   o f   t h e s e   f a c t o r s   s e p a r a t e l y ,   n e t   b a s i n   s u p p l i e s  
can   be   computed   qu i t e   accu ra t e ly  by e m p l o y i n g   r e l i a b l e   l a k e  leve l ,  f low  and 
d ive r s ion   r eco rds   fo r   t he   r equ i r ed   mon th ly   and   qua r t e r -mon th ly   pe r iods . ,  The 
r e l a t i o n s h i p   u s e d  i s  as fo l lows:  

N B S = S + O - I  

where : 

NBS = Net bas in   supp ly .  
S = Change in   s to rage   f rom  beg inn ing   t o   end   o f   pe r iod .  
0 = Average   ou t f low  f rom  lake   th rough  ou t le t   r iver ,   p lus   f low 

I = Average   month ly   in f low  to   l ake   f rom  ups t ream  p lus   f low  d ivers ions  
d i v e r s i o n s   o u t  of t h e   l a k e .  

i n t o   t h e   l a k e .  

A l l  terms i n   t h e   a b o v e   r e l a t i o n s h i p  are e x p r e s s e d   i n   c o n s i s t e n t   u n i t s ,  
u s u a l l y   c f s ,   f o r   t h e   g i v e n   p e r i o d .  

5.5.2 Seasonal  Flow R e t a r d a t i o n  

The f lows i n  t h e   o u t l e t  rivers of t h e   l a k e s   d u r i n g   t h e   w i n t e r   s e a s o n  
are o f t e n   r e t a r d e d   s u b s t a n t i a l l y  by i c e  formation  and ice  jamming. These 
c o n d i t i o n s   a r e   n o t   p r e d i c t a b l e   f o r   a n y   s p e c i f i c   w i n t e r ,   e i t h e r  as t o   t h e i r  
s e v e r i t y   o r   t h e   e x a c t   t i m i n g  of t h e i r   o c c u r r e n c e .  The n a t u r a l   r e t a r d a t i o n  
of flow  under ice c o n d i t i o n s   c a u s e s   t h e   l e v e l s  of un regu la t ed   l akes  t o  be 
higher  at t he  t i m e  of the  spring  break-up than they would  be if t he re  were 
no ice ,  a n d   t h u s   i n c r e a s e s   t h e  amount  of water s t o r e d   i n   t h e   l a k e .  

The water leve l  of Lake   Super ior   and   the   ou t f low  through  the  S t .  Marys 
River  are r e g u l a t e d  by t h e   I n t e r n a t i o n a l   L a k e   S u p e r i o r   B o a r d  of Control  
unde r   au tho r i ty  of t h e  I J C .  P h y s i c a l   c o n t r o l  i s  achieved  by a dam and 
o t h e r   s t r u c t u r e s  a t  the   head  of t h e  S t .  Yarys  Rapids a t  S a u l t  S t e .  Marie, 
Michigan  and  Ontario.  Under p r e s e n t   r e g u l a t i o n   c o n d i t i o n s ,   t h e   w i n t e r  
r e t a r d a t i o n   e f f e c t  on t h e   r e g u l a t e d   d i s c h a r g e s  i s  v i r t u a l l y   z e r o .   S i n c e  
the  b ,as is-of-comparison  condi t ion € O K  Lake  Superior i s  c o n s i d e r e d   t o   b e   t h e  
p r e s e n t  r e g u l a t i o n   p l a n ,  i t  was no t   necessa ry   t o   cons ide r   w in te r  
r e t a r d a t i o n   i n   t h e  S t .  Narys River .  

Lakes  Michizan-Huron do not   f - recze   over   comple te ly   dur ing   the   win ter ,  
p r i m a r i l y   d u e   t o   t h e   i n f l u e n c e  of w ind   and   o f   hea t   s to red   i n   t he   l ake .  The 
ice which forms i n  t h e   e x p o s e d   c e n t r a l   p 3 r t s   o f   t h e   l a k e  i s  c o n t i n u a l l y  
broken up and moved about by t h e   a c t i o n  of t h e  wind. Some of t h e  ice  from 
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Lake  Huron f i n d s  i t s  way i n t o   t h e   S t .  Clair River .  A s  a r e s u l t  of t h e s e  
heavy  runs of i ce ,  jams occur   wh ich   subs t an t i a l ly   r educe   t he   no rma l   f l ow 
and i n  t u rn   a f f ec t   bo th   ups t r eam  and   downs t r eam  l eve l s .  The average   f low 
reduct ion ,   January   th rough  March ,  i s  28,000 c f s .  However, the   supply   o f  
ice  d e l i v e r e d   t o   t h e   r i v e r   a n d   t h e   c o n s e q u e n t   d e g r e e   o f  jamming i s  h i g h l y  
v a r i a b l e   a n d   t h i s  is an   impor t an t   f ac to r  i n  the   na tu ra l   w in te r   r eg ime .  Any 
de r ived   bas i s -o f - compar i son ,   t he re fo re ,   mus t   g ive   cons ide ra t ion   t o   t he  
month  by  month magnitude of t h i s   f l o w   r e t a r d a t i o n .   W i n t e r   r e t a r d a t i o n  i n  
t h e   S t .  Clair River was computed for   each  month by s u b t r a c t i n g   t h e   r e c o r d e d  
S t .  Clair River   f low  (determined by the  Coordinat ing  Commit tee  on Great 
Lakes Basic Hydraul ic   and  Hydrologic  Data) from  the  corresponding  open 
water f low  computed   f rom  the   s tage-d ischarge   re la t ionship   for   the   gauges  a t  
Harbor  Beach  and  St. Clair Shores,  Michigan. 

Lake  St .  Clair n o r m a l l y   f r e e z e s   o v e r   i n   e a r l y   w i n t e r   a n d   s h i e l d s   t h e  
Detroi t   River   f rom  heavy ice runs.  The D e t r o i t   R i v e r   i t s e l f   f r e q u e n t l y  
f r e e z e s   o v e r  i n  i t s  lower  reaches.  However,  due t o   t h e   s i z e  of Lake  St.  
Clair, even a small r e t a rda t ion   ( J anua ry   t h rough  March average  8,000 c f s )  
i n f l u e n c e s  i t s  l eve l s   r eg ime .   The re fo re ,   each   mon th ' s   w in te r   r e t a rda t ion  
i n  t h e   D e t r o i t   R i v e r  was de te rmined   t o   be   t he   d i f f e rence   be tween   t he  
recorded  f low  and  the  f low  computed  f rom  the  open water s tage-d ischarge  
r e l a t i o n s h i p   f o r   t h e   g a u g e s  a t  S t .  Clair Shores,   Michigan  and  Cleveland, 
Ohio. 

H i s t o r i c a l l y   t h e   p r i n c i p a l  ice problem i n  Lake Erie, as i n  t h e  case of 
Lake  Huron, r e s u l t s   f r o m   t h e   b r e a k - u p   o f   l a k e   i c e - f i e l d s   a n d   t h e   p r e v a i l i n g  
winds   then   pushing   the  ice i n t o   t h e   N i a g a r a  River. This   causes  ice  jams 
a n d   a l s o  power l o s s e s   i n   t h e   h y d r o - e l e c t r i c   p l a n t s .  Over r e c e n t   y e a r s   t h i s  
problem a t  t h e   o u t l e t  of  Lake Erie has  been  moderated.  In  each   w in te r  
s i n c e  1964-1965  an ice boom has   been   i n s t a l l ed   nea r   t he   head   o f   t he   N iaga ra  
River.  I t s  purposes  are t o  assist i n  forming a s t a b l e  ice  cover   and   to  
r e d u c e   t h e   s e v e r i t y  of i ce  r u n s   i n   t h e   r i v e r   u n d e r   s t r o n g   s o u t h w e s t e r l y  
wind c o n d i t i o n s .  Hence the   ave rage   w in te r   f l ow  r e t a rda t ion   s ince   1964   had  
to be  assumed  for  computation of the  basis-of-comparison  (Subsect ion 5.6). 

Weeds i n  t h e  summer a l s o   a f f e c t   t h e   f l o w  in t he   N iaga ra   R ive r .  I n  
p rev ious   s tud ie s   conduc ted  by the  Coordinat ing  Commit tee  on Great Lakes 
Basic Hydraul ic   and   Hydrologic  Data, i t  was d e t e r m i n e d   t h a t   t h i s   e f f e c t  was 
much t h e  same from  one summer t o   a n o t h e r .   T h e r e f o r e   t h e   a v e r a g e  weed 
r e t a r d a t i o n  as computed  by the  Coordinat ing  Commit tee ,  was employed. I n  
t he   o the r   connec t ing   channe l s ,  some  weed r e t a r d a t i o n  may occur ,   bu t   t he  
d a t a   a v a i l a b l e  are i n s u f f i c i e n t   t o   c o n f i r m   t h e s e   r e s u l t s .  

Lake  Ontar io   has   been  regulated  s ince  1960  and  the  basis-of-comparison 
a s s u m e s   t h i s   c o n d i t i o n   f o r   t h e   e n t i r e   s t u d y   p e r i o d .   T h e r e f o r e ,  no winter  
r e t a r d a t i o n  was r e q u i r e d   f o r   t h e   c a l c u l a t i o n  of e f f e c t s  on the   upper   S t .  
Lawrence   River .   Reduct ion   in   the   win ter   f low a t  t h e   o u t l e t  of Lake S t .  
Louis  was c a l c u l a t e d   d i r e c t l y  as t h e   d i f f e r e n c e   b e t w e e n   t h e   d i s c h a r g e s  
der ived   f rom i t s  approximate  open-water   s tage  discharge  curve  and  the 
recorded   d i scharges .  

5-4 



5.6 Basis-of-Comparison 

The recorded  Great L a k e s   l e v e l s   a n d   o u t f l o w s   d a t a   i n c o r p o r a t e   t h e  
e f f e c t s  of rnan-made changes i n  the   sys tem  which   have   occur red   over   the  
s t u d y   p e r i o d  1900-1976. The p r i n c i p a l   c h a n g e s   c o n s i s t  of v a r i a t i o n s   i n   t h e  
f low of d i v e r s i o n s   i n t o ,   o u t  of o r   w i t h i n   t h e  Great Lakes   bas in ;  
a l t e r a t i o n s   i n   t h e   c o n f i g u r a t i o n s  of t he   connec t ing   channe l s ,   such  as by 
d r e d g i n g   f o r   n a v i g a t i o n   p u r p o s e s ;   c o n s t r u c t i o n  of cont ro l   works  a t  t h e  
o u t l e t s  of   Lake  Superior   and  Lake  Ontar io;   and  introduct ion  of ,   and 
s u b s e q u e n t   m o d i f i c a t i o n   t o ,   r e g u l a t i o n   p l a n s   f o r   t h o s e  two l a k e s .  

I n  o rde r   t o   pe rmi t   hydro log ic   compar i son   o f   va r ious   d ive r s ion  
management s c e n a r i o s  on a uni€orm  bas i s ,  an assumed set  of c o n s t a n t  
c o n d i t i o n s   w i t h i n   t h e  Great Lakes  system was adopted   and   the   recorded  
monthly mean l e v e l s   a n d   o u t f l o w s   f o r   e a c h   l a k e   a d j u s t e d   a c c o r d i n g l y .   T h i s  
was done by r o u t i n g   t h r o u g h   t h e   s y s t e m   t h e   h i s t o r i c a l   n e t   b a s i n   s u p p l i e s ,  
assuming a reg ime  def ined  by t h i s  set o f   f i x e d   c o n d i t i o n s .  The e f f e c t s   o f  
changes i n  c h a n n e l s ,   d i v e r s i o n s  and l a k e   r e g u l a t i o n  were thus  removed  from 
t h e   d a t a .  No a d j u s t m e n t s  were made i n   t h e  water s u p p l i e s   f o r   t h e   e f f e c t s  
of r e g u l a t i o n  of t r i b u t a r i e s ,   v a r i a t i o n s   i n   w i n t e r  ice r e t a r d a t i o n  or  
i n c r e a s i n g  rates of consumptive  use.  

The   cond i t ions   s e l ec t ed   fo r   t he   bas i s -o f - compar i son  are as fo l lows:  

( 1 )  A c o n s t a n t   d i v e r s i o n  of 5 ,000   c f s   i n to   Lake   Supe r io r  by way of 
t h e  Long Lac and  Ogoki   Diversions.   These  divers ions were a u t h o r i z e d  
through  an  exchange  of   notes ,   dated  October   14  and  31,   and November 7, 
1940,  between  the  governments of the   Uni ted   S ta tes   and   Canada .  

(2 )   Lake   Supe r io r   r egu la t ed   i n   acco rdance   w i th   P l an   1977 ,   wh ich  i s  
t h e   c u r r e n t l y   a u t h o r i z e d   p l a n   b e i n g   u s e d  by t h e   I n t e r n a t i o n a l   L a k e   S u p e r i o r  
Board of Con t ro l   fo r   de t e rmin ing  releases from  Lake  Superior.  

( 3 )  A c o n s t a n t   d i v e r s i o n   o f  3,200 cfs  out  of Lake  74ichigan a t  
Chicago. This i s  t h e  maximum a l l o w a b l e   d i v e r s i o n  a t  Chicago by decree  of 
t h e  U.S. Supreme  Court ,   dated  June 1 2 ,  1967,  and as amended i n  1980. 

(4 )   1962   ou t l e t   cond i t ions   fo r   Lake  Huron. T h i s   r e p r e s e n t s   t h e  
cu r ren t   cond i t ions ,   wh ich   have   ex i s t ed   s ince   t he   comple t ion  of t h e  27-foot 
n a v i g a t i o n   c h a n n e l   d r e d g i n g   i n  1962. 

(5 )  A c o n s t a n t   d i v e r s i o n ,  by way of the  Welland  Canal,   of 7,000 c f s  
o u t  of Lake Erie and i n t o  Lake  Ontar io .   This  i s  c o n s i s t e n t   w i t h   p r i o r   a n d  
ongo ing   s tud ie s  of other   Boards  and i s  an  approximation of t h e   a v e r a g e  
a n n u a l   f l o w   f o r   t h e   p e r i o d   1 9 5 0   t o  1976. 

(6 )   1953   ou t l e t   cond i t ions   fo r   Lake  Erie. In i t s  1953   r epor t  on t h e  
Preservat ion  and  Enhancement   of   Niagara Falls,  t h e  IJC cons idered  i t  
e s s e n t i a l   t h a t   t h e   r e l a t i o n s h i p   e x i s t i n g  a t  t h a t  time between  the  Niagara 
River flow and  the  Chippewa-Grass   Is land Pool level  be  maintained  fol lowing 
t h e  commencement oE o p e r a t i o n  of the  Chippewa-Grass   Is land  Pool   Control  
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S t r u c t u r e   a n d  power d i v e r s i o n s  as permi t ted  by the  1950  Niagara  Treaty.  On 
December  29,  1972, t h e  IJC i s s u e d  a d i r e c t i v e   i n   w h i c h  i t  was s t a t e d   t h a t  
t h e   p o o l  was t o   b e   m a i n t a i n e d   a t  i t s  long-term mean e l e v a t i o n  of 561.0 f e e t  
(IGLD 19551, as recorded  a t  t h e  14aterial Dock Gauge, t o  a l leviate  h igh  OK 
low water l e v e l s   i n   t h e  pool. T h i s   d i r e c t i v e  was implemented on March 1, 
1973. 

(7 )   Lake   On ta r io   r egu la t ed   i n   acco rdance   w i th   P l an   19584 ,   wh ich  i s  
t h e   c u r r e n t l y   a u t h o r i z e d   p l a n   b e i n g   u s e d  by t h e   I n t e r n a t i o n a l  S t .  Lawrence 
River Board of Con t ro l   fo r   de t e rmin ing  releases from  Lake  Ontario. It 
should   be   no ted   tha t  on a number  of o c c a s i o n s   s i n c e   1 9 6 0 ,   t h e   I n t e r n a t i o n a l  
S t .  Lawrence  River  Board of Cont ro l   has   devia ted   f rom  the   approved   p lan  of 
r e g u l a t i o n .  The c o n d i t i o n   r e p r e s e n t e d   f o r   L a k e   O n t a r i o   d o e s  not c o n t a i n  
t h e   e f f e c t s  of t h e s e   d i s c r e t i o n a r y   d e v i a t i o n s .  
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6.1 I n t r o d t i c t i o n  

i l n t e r   s u p p l i e s   f r o m   t h e   e x t e n s i v e   h y d r o l o g i c  s y s t e m  o f  the Great Lakes 
sl1st;ain  the r e z i o n n l  p o p u l s t i o n  and s u p p o r t  Idiverse economic and 
r e c r e a t i o n a l   a c t i v i t i e s   w i t h i n   t h e   b a s i n .   k l t h o u g h  t h e  system i s  l a r g e ,  
t h e  aggrega ted  (levlands of t!wse  nurnerous users ma>7 tlave a n  e f f e c t  on  i t s  
hydro logic   ba lance .   Reduct ions   in   in f low  and   s torade   f rom water 
consIlnption  can resul t  i n   r w a s u r a h l e  cFlanges i n  Inearl l e v e l s  of the Inkes .  

:lost of t h e  water witlxlracm  from tile sys tem  for  hul:uln use  i s  
eventua l ly   re t r l rned   to   the   sys tem by d i r e c t  cli.scharg:e i n t o  lakes  and 
s t r e a n s   o r  hy i n f i l t r a t i o n   i n t o   t h e  ::roundwater t a b l e .  Tiowever, a p o r t i o n  
o E  t h i s  water i s  n o t   r e t u r n e d   t o  i t s  s o u r c e ;  i t  i s  ca t egor i zed   unde r   t he  
te rm  consunpt ive   use .   This   inc ludes   water   which  i s  a s s i m i l a t e d  by a n i m a l s ,  
hrmans and p l a n t s ;   i n c o r p o r a t e d   i . n t o   p r o d u c t s   d u r i n g   i n d u s t r i a l   p r o c e s s e s  
':>r l o s t   f r o m   t h e  s y s t e m  t h r o u g h   e v a p o r a t i o n   o r  leakage d u r i n g  u s e .  
Es t i rna t ion  of t h e   q l m n t i t i e s  oE water  withdrawn f r o n  t h e  sys t em and 
consl.med i n  meet ing   present   and   fu ture  water needs i s  a necessa ry  
p r e r e q u i s i t e   t o   d e t e r m i n i n g   i m p a c t s  on lake l e v e l s  now and i n   t h e  future .  

In a sense ,   water   consumpt ion   cannot  be t o t a l l y   q u a n t i f i e d  when 
a p p l i e d   t o  a l a r g e   b a s i n .  F o r  example ,   evapora t ion  of water d u r i n g   u s e   m y  
add some q u a n t i t y   t o   t h e   n a t u r a l   b a c k g r o u n d   p r e c i p i t a t i o n  and t h u s  sone 
p o r t i o n  o f  t l le coT1suilled water cou ld  reappear w i t h i n   t h e   b a s i n .  However, 
q u a n t i f y i n g   t h i s  small amount r e l a t i v e   t o   t o t a l   p r e c i p i t a t i o n  i s  p r e s e n t l y  
beyond  the   s ta te -of - the-ar t   in   meteoro logy .  T h u s ,  the p r i n c i p l e  h a s  been  
a d o p t e d   t h a t   w a t e r  consumed a t  a n y   p o i n t   i n   t h e   b a s i n  i s  l o s t  t o   t h e  
sys t ern. 

A l tho l lgh   consumpt ive   u ses   a r e   t he   sub jec t  of t h i s   i n v e s t i g a t i o n ,   t h e y  
have   t o  be viewed i n  terms of water   wi thdrawals   wi th   which   they   a re  
i n t i m n t e l y   r e l a t e d  and for[?  an i n t e g r a l  par t .  W i t h d r a w a l   q u a n t i t i e s  
g e n e r a l l y   a r e  metered a n d  provide a b a s i s  €rorn which  to   der ive  consumptive 
use estimates. IJater withclrnwals i n  1975 were ex t r eme ly  Large (75 ,600  c f s )  
i n  compar ison   to   consunpt ive   water  me ( 4 , 9 0 0  c f s )   ( T a b l e  6-3, page  6-51). 
Consutnptive  use as a pe rcen tage  of withdrawals   f rom  each  lake  ranged  f rom 
4.8 t o  10.4 p e r c e n t  and averaged  seven percent i n  1975.  Lakes  Nichigan  and 
E r i e   c o n t r i b u t e d  by f a r  t h e  most withdrawal  water and h a d   t h e   h i g h e s t  
consunp t ion .   (F igu re  6-1 ) 

Sectors  of water  use t h a t   a r e   c o n s i d e r e d  i n  t h i s   s t u d y  are: 

( 1 )  I , lunicipal 
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Withdrawal  and  Consumptive  Water Use 
in  the  Great  lakes 
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(2)   Kural-domest ic  

( 3 )  Manufacturing 

( 4  ) Mining 

( 5 )  Rural-s tock 

( 6 )   I r r i g a t i o n  

( 7 )  Power Genera t ion  

P r o j e c t i o n s  of  withdrawals  and  consumptive  use of water f rom  the  Great 
Lakes   and   o the r   su r f ace   and   g roundwate r   sou rces   w i th in   t he   d ra inage   bas in  
have   been   prepared   for   each  water u s e   s e c t o r  i n  f i v e   y e a r   i n c r e m e n t s   t o   t h e  
year  2035  with  1975 as  the   base   yea r .   These   p ro j ec t ions ,   wh ich   have   been  
p r e s e n t e d   i n   T a b l e s  6-1, 6-2 and 6-3 (pages  6-47,  6-49 and  6-51 
r e s p e c t i v e l y ) ,  a re  based   on   t he   da t a   wh ich  were a v a i l a b l e  a t  t h e  time of 
r e p o r t   p r e p a r a t i o n   a n d  on ex i s t ing   and   r easonab ly   fo re seeab le   economic ,  
demographic   and   soc ia l   t rends .  The i n d i v i d u a l   s e c t o r   d i s c u s s i o n s   t h a t  
f o l l o w   d i s p l a y   p o r t i o n s  of t hese   t ab l e s .   Minor   d i sc repanc ie s  are  due t o  
rounding of t h e  numbers. 

Similar t o  most f o r e c a s t s ,  water u s e   f o r e c a s t i n g   h a s   i n h e r e n t  
unce r t a in ty ;   t he   bas i s   fo r   a s sumpt ions   upon   wh ich   p ro j ec t ions  are based 
w i l l  change i n  time. Three   p r inc ipa l   t ypes  of u n c e r t a i n t i e s  are  involved:  
economic   unce r t a in ty ,   t echno log ica l   unce r t a in ty   and   t he  uncertaint ies  i n  
water management p o l i c i e s .  To a c c o u n t   f o r   t h e s e   u n c e r t a i n t i e s ,  a range  of  
consumptive water u s e   p r o j e c t i o n s  was developed  based on a number of 
a l t e r n a t i v e   a s s u m p t i o n s   a n d   a l s o  on p ro jec t ions   de r ived   f rom  independen t  
sources .   These  then  provide a b a s i s   f o r   f o r e c a s t i n g  a range of consumptive 
water use  impacts   on Great Lakes water l e v e l s .  

The f o r e c a s t   c o n s i d e r e d   t o   b e   t h e  most   reasonably   foreseeable  
p r o j e c t i o n   b a s e d  on current   knowledge  and  t rends will b e   r e f e r r e d   t o  as t h e  
most l i k e l y   p r o j e c t i o n  (MLP) i n   t h i s   s t u d y .  The term "mos t   l i ke ly  
p r o j e c t i o n "  i s  not   meant   to   imply a h igh   degree  of p r o b a b i l i t y .   R a t h e r  
t h i s   p r o j e c t i o n  i s  the   one   j udged  a t  t h i s  time t o   h a v e   t h e   h i g h e s t  
p r o b a b i l i t y  o f   o c c u r r i n g   r e l a t i v e   t o   t h e   o t h e r   p r o j e c t i o n s   c o n s i d e r e d .  

A d e t a i l e d   e x p l a n a t i o n  of t he   me thodo log ie s   and   t he   ex tens ive  se t  of 
r e f e r e n c e s   u s e d   t o   o b t a i n   t h e  MLP a n d   o t h e r   p r o j e c t i o n s   a p p e a r   i n  Annex F. 

Water u s e   c a l c u l a t i o n s  are  broken down a n d   t o t a l e d  by s e c t o r  and by 
l a k e   b a s i n   i n  terms of n a t i o n   a n d   " l a k e "   ( r e f e r r i n g   t o  a l l  withdrawals  and 
consumpt ion   d i r ec t ly   f rom  the  Great L a k e s )   o r  "non-Lake" ( r e f e r r i n g   t o  a l l  
o ther   wi thdrawals   and   consumpt ion   f rom  wi th in   the  basin.)  The 
"lake/non-lake"  breakdown  appears i n   t h e   s u p p o r t i n g  Data S e t  (Annex F). 
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6.1.1 C o n s t r a i n t   F a c t o r s  

The   Board   adopted   the   fo l lowing   four   cons t ra in ts :  

( 1) The basic d a t a   c o l l e c t i o n  and ana lys i s   shou ld   be   done   du r ing  a 
one-year   per iod.  

Primary r e s e a r c h  was l i m i t e d   t o   t h a t   w h i c h  was p r a c t i c a l   w i t h i n  the  
g i v e n  time and   budge t   cons t r a in t s .  

( 2 )  Avai lab le   da ta   and   forecas ts   should   be   used  as much as p o s s i b l e .  

T h i s   c o n s t r a i n t   p r o v e d  easier t o   f o l l o w   f o r   t h e   U n i t e d   S t a t e s ,   s i n c e  
e x t e n s i v e   f o r e c a s t i n g  work had  already  been  done. In  Canada,  the work had 
a much more fundamental   beginning.  

( 3 )  T h e   p r o j e c t i o n   m e t h o d o l o g i e s   u s e d   i n   b o t h   c o u n t r i e s   s h o u l d   b e  
r e a s o n a b l y   c o n s i s t e n t   t o   e n a b l e   s u b s e q u e n t   i n t e g r a t i o n  of r e s u l t s .  

This m e a n t   t h a t  the Canadian  work  had t o  conform a s  much as  p o s s i b l e  
t o   a l r e a d y - c o m p l e t e d   w o r k   i n   t h e   U n i t e d   S t a t e s .  This does  not   imply,  
h o w e v e r ,   c o n s i s t e n c y   i n   s p a t i a l  water u s e   d i s t r i b u t i o n s   a n d  water use 
parameters   which are expected  to   vary  between areas and   wh ich   r e f l ec t  
separate management p o l i c i e s  of t h e  two c o u n t r i e s .  

( 4 )  No a t t empt   shou ld   be  made t o  assess t r a d e - o f f s   t h a t  would  be 
n e c e s s a r y   t o   d e f i n e   t h e   s o c i a l l y   o p t i m a l   l e v e l  of water u s e   i n t o   t h e  
f u t u r e .  

R e l i a b l e  water demand f o r e c a s t s  re la te  d i r e c t l y   t o   a c c u r a t e   e c o n o m i c  
p r o j e c t i o n s .   S i n c e   t h e  l a t t e r  are d i f f i c u l t   t o  make, t he   consequen t  
p r e c i s i o n  of water demand f o r e c a s t i n g   h a s  a s i g n i f i c a n t   d e g r e e   o f  
u n c e r t a i n t y .  The c o l l e c t i o n  and a n a l y s i s  of water u s e   d a t a  f o r  Canada on a 
s y s t e m a t i c   b a s i s   h a s   o n l y   r e c e n t l y   b e g u n ,   a n d   t h e   r e q u i s i t e  s t a t i s t i c a l  
ser ies  for t r e n d  a n a l y s i s  do n o t   y e t  ex is t .  S i m u l a t i o n  model l ing w i t h  
v a r y i n g   i n p u t   p a r a m e t e r s  i s  a common approach   to   the   p roblem  of  
u n c e r t a i n t y .  By a n a l y z i n g   t h e   r e s p o n s e  of water demands to   changes  i n  t h e  
u n d e r l y i n g  parameters, a range of f u t u r e  water uses   can  be  developed.   In  
g e n e r a l ,   f o r e c a s t s  become p r o g r e s s i v e l y   m o r e   t e n t a t i v e   t h r o u g h  the c o u r s e  
of time. 

Water demand f o r c a s t s   h a v e   t r a d i t i o n a l l y   b e e n   c o n d u c t e d  a t  two l e v e l s ,  
t h e   m a c r o   o r   o v e r a l l   r e g i o n a l   l e v e l  a n d   t h e   m i c r o   o r   l o c a l   l e v e l .  The 
p r e s e n t   r e s e a r c h  i s  a macro l e v e l   s t u d y ,   a i m e d  a t  p r o j e c t i n g  water demands 
i n   t h e  Great Lakes  basin  and i t s  component  sub-basins, a s  opposed  to  
p r e p a r i n g   f o r e c a s t s  €or i n d i v i d u a l   m u n i c i p a l i t i e s .   T e c h n i q u e s   s u c h  a s  
i n p u t - o u t p u t   a n a l y s i s ,   c o e f f i c i e n t   a n a l y s i s ,   a n d   b r o a d   s e c t o r a l   g r o w t h  rate 
ana lys i s   have   t he re fo re   been   u sed .  I n  c o n t r a s t ,   s t u d i e s  of t h e   s t r u c t u r e  
of l o c a l  water demands  which  use m u l t i p l e  r e g r e s s i o n   t e c h n i q u e s   t o   p r o b e  
t h e   v a r i a b l e s   " e x p l a i n i n g "   t h e   l e v e l s  of p a r t i c u l a r   u s e s ,   h a v e  not  been 
used. The i m p l i c a t i o n  of t h i s  po-lnt i s  t h a t   t h e  water demand f o r e c a s t s  
p re sen ted   he re   canno t   be   d i saggrega ted .  
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6.1.2 General  Assumptions 

The   fo l lowing   genera l   assumpt ions   have   been   appl ied   to   the  NLP i n   t h i s  
consumpt ive   use   ana lys i s .   Al though  assumpt ions  were c a r e f u l l y   r e v i e w e d ,  
they are tenuous  and,  as i n  any f o r e c a s t ,   c a n   c h a n g e   w i t h  time. 

(1)  Water used   to  f i l l  s u p p l y   s y s t e m s   f o r   t h e   f i r s t  time i s  
c o n s i d e r e d   t o   b e  a n e g l i g i b l e  loss .  

( 2 )  The annual   growth ra te  i n   p o p u l a t i o n   i n   t h e  U.S. p o r t i o n   o f   t h e  
b a s i n  i s  0.9 pe rcen t   and  w i l l  d e c r e a s e   t o   0 . 3   p e r c e n t  by 2035.  The annual  
growth r a t e  i n  Canada w i l l  be  1.4 p e r c e n t   t o  2035. 

( 3 )  H i s t o r i c a l   t r e n d s  of   migra t ion  frorn r u r a l   a r e a s  w i l l  cont inue .  
The s i g n i f i c a n c e  of t h i s   a s s u m p t i o n  i s  i n   t h e   i n c r e a s e d   p e r   c a p i t a  water 
consumpt ion   t ha t  i s  implied.  

( 4 )  There w i l l  be  no new e c o n o m i c   c l a s s i f i c a t i o n s .  The f i v e  major 
i n d u s t r i a l   c a t e g o r i e s   e n u m e r a t e d   i n  Annex F w i l l  accommodate  any new 
developments. 

( 5 )  There w i l l  be  changes i n   t h e  mix  of  economic a c t i v i t i e s  (Annex F ,  
S e c t   i o n  4 ) . 

( 6 )  E x i s t i n g   u s e s  of energy will p e r s i s t .  

( 7 )  U.S. requirements  mandated by t h e   C l e a n  Water Act, 1977 
(P.L.95-217) w i l l  be  met by t h e   y e a r   2 0 0 0   w h i l e   e x i s t i n g   p r a c t i c e s  i n  
Canada w i l l  cont inue.  

(8 )  Water qua l i ty   r equ i r emen t s   and   t he   i nc reased   va lue  of water will 
a l te r  t h e   u s e  of water. 

( 9 )  The GNP w i l l  i n c r e a s e   a n n u a l l y  a t  3 .2  p e r c e n t  i n  t h e  U. S. p o r t i o n  
o f  the bas in   and  3.5 t o  4.0 percent i n  Ontar io .  

(10)   The  economy w i l l  o p e r a t e  a t  f u l l   p o t e n t i a l ,  as d e f i n e d   i n  
s tandard   econornic   forecas ts .  

(11) P o t e n t i a l   e n v i r o n m e n t a l  damage i s  n o t  a c o n s t r a i n t   i n   e c o n o m i c  
p r o j e c t i o n s .  

( 1 2 )  C u r r e n t   t r e n d s   i n  p e r  cap i t a   consumpt ion   and   i n   expor t  of 
a g r i c u l t u r a l   p r o d u c t s  w i l l  cont inue .  

( 1 3 )  No ca tas t rophic   economic   emergencies ,   such  as  wars, w i l l  occur .  

6.2 Municipal  Water Use 

A l l  of t h e   c e n t r a l i z e d  water d i s t r i b u t i o n   s y s t e m s   t h r o u g h o u t  t h e  Great 
Lakes   bas in   encompass ing   r e s iden t i a l ,  commercial, i n s t i t u t i o n a l   a n d   p u b l i c  
u s e s  are  i n c l u d e d   w i t h i n   t h e   m u n i c i p a l  water u s e   s e c t o r .   A l s o   i n c l u d e d   i n  
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t h e   a n a l y s i s  31163 sys tem  losses .   Manufac tur ing   wi thdrawals   f rom  munic ipa l  
s y s t e m  a re  n o t   i n c l u d e d   i n   t h i s   s e c t o r .  They are  c o n s i d e r e d   s e p a r a t e l y   i n  
S e c t i o n  6.4 - !lanuf,acturing Water Use. 

6.2.1 U.S. Municipal Water Use 

l l u n i c i p a l  water demands shown below  and i n  Table 6-1 compr ise   the  
th i rd   l a rges t   -w i t l l d ra ; Ja l  water u s e   w i t h i n   t h e  U.S. s e c t i o n  of t h e  Great 
Lakes   bas in .   Spec i f ic   munic ipa l  water use   da t a ,   based   on   t he  NLP, are as 
follol\rs : 

MLP P r o j e c t i o n  

1975  2035  Annual  Growth Rate 
Withdrawal  (cf s )  6 , 1 0 m 0 % )  l o r n  ((32) 1.0% 

Consumpt ion   (c fs )  680 ( 1 G X )  I ,  200 (5;;) 0.92 

Note: ( -- ) in t h i s  and l a t e r  t a b l e s ,   t h e   b r a c k e t e d   f i g u r e s  show the 
spec i€ i c   w i thd ra i aa l  O K  consumption  for  1975  and  2035 a s  a p e r c e n t  of t h e  
t o t a l   w i t h d r a w a l   o r   t o t a l   c o n s u m p t i o n   f o r   t h o s e   y e a r s .  

The   above   tab le  shows t h a t   w h i l e   b o t h   w i t h d r a w a l s  and consunp t ion  a r e  
expec ted  to i n c r e a s e   i n   a b s o l u t e  t e r m  from  1975 t o  2035 ,   t he   p ropor t ions  
o f  b o t h   t h e   t o t a l   w i t h d r a w a l s   a n d   t o t a l   c o n s u m p t i o n   r e q u i r e d   f o r   m u n i c i p a l  
u s e   i n  2035 a r e   p r o j e c t e d   t o   d e c l i n e   f r o m   t h o s e   f o r   1 9 7 5   d u e   t o   r e l a t i v e l y  
l a r g e   c o n s u m p t i v e   u s e   i n c r e a s e s   i n  the manufacturing  and power g e n e r a t i o n  
s e c t o r s .  

Five U. S. mun ic ipa l  water u s e   p r o j e c t i o n s  were s e l e c t e d  t o  r e f l e c t  a 
range of water usage   (F igure  6 - 2 ) .  

The U.S. PCP inco rpora t e s   t he   a s sumpt ions   u sed   i n   t he   1975   Na t iona l  
Water Assessment ( N A S ) l /  which   inc ludes  t h e  OBERSL/ S e r i e s  E p o p u l a t i o n  
f o r e c a s t s  bu t  a p p l i e s  t h r e e   m o d i f i c a t i o n s .   T h e s e   i n c l u d e  a m o d i f i c a t i o n  of 
t h e  NAS a s s u m p t i o n   t h a t   e x p e c t e d   f u t u r e   i n c r e a s e s  F n  lnunicipal  water u s e  
w i l l  be   equa l l ed  by i n c r e a s e d   c o n s e r v a t i o n   e f f o r t s ,   t h e   a d d i t i o n  of water 
u s a g e   a t t r i b u t e d   t o   n e t   l e a k a g e  from m u n i c i p a l   s y s t e m s   t h a t   e x t r a c t  water 
from  the Great Lakes ,   and   i n t e rbas in  water t r a n s f e r .  

L/ The  1975  National Water Assessment i s  commonly r e f e r r e d   t o  as  the  
Na t iona l   Asses smen t   S tudy   o r  NAS. 

21 An i n t e z r a t e d  s e t  of p ro j ec t ions   deve loped  by the   Bureau  of  Economic 
Analysis,   forrnerly  OEfice  of  Business  Economics (OBE), U.S. Dept. of 
Commerce and the   Econon ic   Resea rch   Se rv ice  (EKS), U.S. Dept. of 
Agricul ture .   Widespread acceptance of t h e  term OBERS h a s   l e d   t o  i t s  use a s  
a d e s c r i p t i v e  t i t l e  of  the  program. 
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The NAS assumpt ion  of c o n s e r v a t i o n  may b e   a p p l i c a b l e   t o  water use  
t r e n d s   i n   r e g i o n s  of t h e   U n i t e d  S ta tes  where   su r f ace  water i s  less abundant 
t h a n   i n   t h e  Great Lakes  basin.  However, cu r ren t   ev idence   does   no t   sugges t  
t h a t  a broad  program of water c o n s e r v a t i o n  w i l l  be  adopted by 
m u n i c i p a l i t i e s   a d j a c e n t   t o   t h e  Great L a k e s .   C o n s e r v a t i o n   e f f o r t s  may be 
undertaken by in land   communi t ies   suppl ied  by water s o u r c e s   o t h e r   t h a n   t h e  
Great Lakes  that   might   have a g r e a t e r   i n c e n t i v e   t o   c o n s e r v e  water t o  
p r o t e c t   t h e i r   a v a i l a b l e   s u p p l i e s .   T h e r e f o r e ,  a d l s t i n c t i o n   i n   e x p e c t e d  
water u s e   t r e n d s  was made between  the Great Lakes   popula t ion   se rved  by l a k e  
and by non-lake  sources.  

Leakage i s  a problem common to   u rban   mun ic ipa l   sys t ems   w i th   ex tens ive  
networks  of water p i p e l i n e s  of va ry ing   ages   and   ope ra t iona l   cond i t ions .  
The  bulk  of   the Great Lakes   popula t ion  i s  s e r v i c e d  by such  systems.  
S tandard  estimates fo r   ne t   l eakage   l o s ses   f rom  mun ic ipa l   sys t ems   r ange   f rom 
two g a l l o n s   p e r   c a p i t a   p e r   d a y   ( g p c d )   t o   f i v e  gpcd.  The  more c o n s e r v a t i v e  
two gpcd fo r   t he   l ake - se rved   popu la t ion   has   been   u sed   t o   r ep resen t   t hese  
expec ted   l o s ses .   These   l eakage   l o s ses  are assumed to   be   100   pe rcen t .  

The t h i r d   m o d i f i c a t i o n   t o   t h e   m u n i c i p a l  NAS f i g u r e s   h a d   a n   e f f e c t  o n  
water u s e   t o t a l s   f o r   L a k e s   M i c h i g a n ,  Huron  and Erie. The NAS d i d   n o t  
a c c o u n t   f o r   t h e   p o r t i o n  of t h e   D e t r o i t  water s u p p l y   t h a t  i s  withdrawn  from 
Lake  Huron  and i s  r e l e a s e d   t o   L a k e  Erie. A l s o ,   t h e  NAS f o r e c a s t   c o n s i d e r e d  
t h e  water d i v e r t e d   t o   t h e   W s s i s s i p p i   R i v e r   b a s i n  a t  Chicago a s  water 
consumed  from the   Lake   Michigan   bas in .   This   s tudy   does   no t   cons ider   tha t  
volume i n   t h e  water consumpt ion   es t imates   because  i t  i s  accoun ted   fo r  as  
one of t h e  Great Lakes   d ive r s ions  i n  t h i s   s t u d y .  The  Lake  Huron d i v e r s i o n  
(145 cf s )  i s  t o o  small t o  b e   s i g n i f i c a n t   i n   t h e   a n a l y s e s  of d i v e r s i o n  
impacts.  

P r o j e c t i o n  2 was developed  f rom  the Great Lakes  Basin Framework 
Study. l /  The f o r e c a s t  was a d j u s t e d   t o   t h e  1975 base   yea r ,   t he   Lake  
Nich igan   D iv i s ion  a t  Chicago was sub t r ac t ed   and   t he   Lake   Huron   d ive r s ion  
and   cen t r a l   sys t em  l eakage  were added .   Pro jec t ions  of municipal  wdter 
requi rements  were based on 1972 OBERS S e r i e s  C popu la t ion   fo recas t&/   and  
p ro jec t ions   o f   pe r   cap i t a   u se   t r ends   fo r   domes t i c   and   commerc ia l   u se r s .  
T h i s   p r o j e c t i o n   r e p r e s e n t s   t h e   h i g h  estimate of  municipal water use as 
popula t ion  i s  t h e  most s e n s i t i v e   v a r i a b l e .  

i/ Great Lakes  Basin  Commission (GLBC). 

21 OBERS Series C f o r e c a s t s  a r e  based on p o p u l a t i o n   t r e n d s  of the   middle  
1960s.  They a re  about  1 4  p e r c e n t   h i g h e r   t h a n   S e r i e s  E f o r e c a s t s  by t h e  
y e a r  2000. 
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P r o j e c t i o n  3 was e x t r a c t e d   d i r e c t l y   f r o m  NAS. T h e s e   f i g u r e s  were 
d e v e l o p e d   a c c o r d i n g   t o   t h e  U.S. Geological  Survey  1975 estimtes of 
domestic  and  commercial  water use f r o m   c e n t r a l   s y s t e m s   p r o j e c t e d   t o   2 0 0 0   o n  
t h e   b a s i s   o f  OBERS S e r i e s  E p o p u l a t i o n   f o r e c a s t s .   T r e n d s  were t h e n  
p r o j e c t e d   t o  2035. 

P r o j e c t i o n  4 was de r ived   f rom  popu la t ion   p ro j ec t ions   ob ta ined   f rom 
s t a t e  c e n s u s   r e p o r t s   r a t h e r   t h a n   f r o m   t h e   n a t i o n a l   c e n s u s .  The p o p u l a t i o n  
estimates were genera ted  by a g e n c i e s   w i t h i n   t h e  s ta tes  d u r i n g   v a r i o u s   y e a r s  
from  1975-1978.  These  population e s t i m t e s  a re  more comple t e   t han   t hose  
g e n e r a t e d   i n   t h e   C l e a n  Water Act, S e c t i o n   2 0 8   w a t e r   q u a l i t y  management 
programs.  There are  no s i g n i f i c a n t   d i f f e r e n c e s   b e t w e e n   t h e  s t a t e  census ,  
a v a i l a b l e   S e c t i o n   2 0 8   a n d  OBERS-E p o p u l a t i o n  estimates. All o t h e r  
assumptions are t h e  same as  i n   p r o j e c t i o n  3. 

P r o j e c t i o n  5 i s  t h e   c o n s e r v a t i o n   s c e n a r i o   a n d   t h e   l o w   e s t i m a t e   o f  
municipal  water use. Conserva t ion  of water s u p p l i e s   h a s   r e c e n t l y   b e e n  
encouraged   i n  some a r e a s  of t h e  Great L a k e   b a s i n ,   p r i m a r i l y   t o   r e d u c e  
t r ea tmen t   p l an t   ove r load ing   and   r e su l t an t   downs t r eam  po l lu t ion .  Urban 
a r e a s   l o c a t e d   i n l a n d  may a l s o   b e   i n t e r e s t e d   i n   c o n s e r v a t i o n   t o   a v o i d   t h e  
need  to   develop new s u p p l i e s .  Economic ana lyses   unde r t aken   i n   such   p l aces  
as Buffa lo ,  New York i n d i c a t e   t h a t   c o n s e r v a t i o n   c a n   p r o v i d e   f i n a n c i a l  
S e n e f i t s  by e l imina t ing   t he   need   fo r   expans ion  of t r e a t m e n t   f a c i l i t i e s   a n d  
groundwater   supply  systems.  One c a u s e   o f   i n c r e a s e d   i n t e r e s t   i n   e f f i c i e n t  
use of water was the   d rough t  of 1976  and  1977  which  affected  port ions of 
t h e  Great Lakes  region.  Droughts similar t o   t h i s   c o u l d   o c c u r  a t  any time 
a n d   t h e   t h r e a t  of such   even t s  may encourage   fu tu re  water c o n s e r v a t i o n  
e f f o r t s  (Annex F).  

A l l  s t a t e  and   reg iona l   p lanning   agencies   mus t   cons ider  a water 
c o n s e r v a t i o n   a l t e r n a t i v e  in t h e i r   a p p l i c a t i o n s   f o r  wastewater t r e a t u e n t  
cons t ruc t ion   g ran t s   unde r   Sec t ion   201  of t h e   C l e a n  Water Act of  1977. 
Regula t ions   implement ing   Sec t ion  208 o f  t h a t  act  require t h a t  s ta tes  and 
reg iona l   p lanning   agencies   examine  water demnds   ove r  a 20-year  planning 
p e r i o d   f o r   t h e i r  water qua l i ty   mnagement   p lanning .   Regula t ions  
i m p l e m n t i n g   t h e   S a f e   D r i n k i n g  Water Act w i l l  s i g n i f i c a n t l y   i n c r e a s e   t h e  
c o s t  of supply ing  water to   communit ies .   These  costs  w i l l  encourage s ta tes  
a n d   m u n i c i p a l i t i e s   t o   d e t e r m i n e   t h e   e x t e n t   t o   w h i c h  water c o n s e r v a t i o n  
programs w i l l  b e   c o s t   e f f e c t i v e .  Each of t h e  Great Lakes s ta tes  h a s   g i v e n  
some c o n s i d e r a t i o n   t o  water c o n s e r v a t i o n   i n   v a r i o u s  water supply  planning 
e f f o r t s .  

The movement toward water conse rva t ion   has  become s u f f i c i e n t l y   a c t i v e  
t h a t  a c o n s e r v a t i o n   s c e n a r i o  was thought  t o  be a v i a b l e   p r o j e c t i o n  of 
f u t u r e  water u s e  t rends .  The MLP was  used as a b a s e   f o r   t h e s e   f i g u r e s   w i t h  
the  added  assumption  of a 1 0  perceat r e d u c t i o n   i n  p e r  cap i ta   wi thdrawal   and  
consequen t   consunp t ive   u se   t o   be   a t t a ined  by t h e   y e a r  2000 w h i c h   r e f l e c t s  
t h e   p o s s i b l e   r e s u l t s  of water conservat ion  programs.  The e s t i m a t e  of 1 0  
p e r c e n t   r e d u c t i o n  i n  water withdrawal  was s e l e c t e d  a f t e r  reviewing 
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published estimates of water s a v i n g s   g a i n e d   f r o m   t h e   i n s t a l l a t i o n  of 
c o n s e r v a t i o n   d e v i c e s   i n   s u b u r b a n  homes. 

6.2.2  Canadian  Municipal Water Use 

P o p u l a t i o n   f o r e c a s t s  were obta ined   f rom  the   p rovince   o f   Ontar io   and  
f rom  these ,  two s c e n a r i o s ,   b a s e d  on a low  and a medium f e r t i l i t y  
assumption,  were s e l e c t e d  as r e f l e c t i n g   p o t e n t i a l   p a t h s  of   popula t ion  
growth  (Annex  F) .   Because  populat ion  forecasts  were on a c o u n t y   b a s i s ,  
t h e y   h a d   t o   b e   a d j u s t e d   t o   i n c l u d e   o n l y   t h a t   p o p u l a t i o n   r e s i d i n g   i n   t h e  
Great Lakes  basin.  They were t h e n   a g g r e g a t e d   t o   t h e   i n d i v i d u a l   l a k e  
b a s i n s .   F o l l o w i n g   t h i s   s t e p ,   t h e   p o p u l a t i o n   f o r e c a s t s   f o r   e a c h   b a s i n  were 
d i saggrega ted   t o .   t he i r   mun ic ipa l   and   ru ra l   componen t s .  The a n a l y s i s  of 
munic ipa l  water wi thd rawa l   coe f f i c i en t s   t hen   p roceeded   and  a range  of 
c o e f f i c i e n t   v a l u e s   f o r   m a j o r   m u n i c i p a l  water u s e s  was s e l e c t e d .  Estimates 
of f u t u r e   m u n i c i p a l  water withdrawal  were t h e n  made f o r   e a c h   l a k e   b a s i n  by 
m u l t i p l y i n g   t h e   p r o j e c t e d   p o p u l a t i o n   l e v e l s  by t h e  water withdrawal  
c o e f f i c i e n t s .   S i n c e   t h e r e  are two popula t ion   scenar ios   and   four  
c o e f f i c i e n t   l e v e l s ,  a t o t a l  of e igh t   comple t e  water u s e   f o r e c a s t s  were 
made. Three  of   these sets ,  t h e   h i g h e s t   f o r e c a s t ,   t h e   l o w e s t   f o r e c a s t   a n d  
t h e  MLP are  d i s c u s s e d   h e r e   ( F i g u r e  6 - 3 ) .  

Coef f i c i en t s   fo r   t he   ma jo r   componen t s  of municipal  water u s e ,  
r e s iden t i a l   and   commerc ia l ,   a r r anged   i n   coun ty   g roup ings   show  cons ide rab le  
v a r i a t i o n .  The  mean r e s i d e n t i a l  water use   coe f f i c i en t s   va ry   f rom a low  of 
53.7  gpcd t o  a high  of  100.4  gpcd. The mean commercial water u s e  
coef f ic ien ts   vary   be tween  10 .0   and   28 .0   gpcd ,   wi th   an  areal  v a r i a t i o n  
similar t o   t h a t   o u t l i n e d   f o r   t h e   r e s i d e n t i a l   C o e f f i c i e n t s .   S o u r c e s  of 
v a r i a t i o n   i n   t h e  two sets of c o e f f i c i e n t s  rest ma in ly   w i th   e s t ima t ion  
p rob lems   and   d i f f e ren t   c l a s s i f i ca t ion   me thods .   Sys t em  lo s ses  were t a k e n  a t  
1 0   p e r c e n t  of t h e   r e s i d e n t i a l   p l u s   c o m m e r c i a l  water u s e   c o e f f i c i e n t s   ( 6 - 1 3  
gpcd),  and  consumption was assumed t o  be 15 p e r c e n t  (Annex F)  of t h e   t o t a l  
mun ic ipa l   w i thd rawa l   ( i . e .   r e s iden t i a l   p lus   commerc ia l  p l u s  l o s s e s ) .  

The h i g h   p r o j e c t i o n  of munic ipa l  water use was d e r i v e d  by us ing   t he  
h i g h   c o e f f i c i e n t s   w i t h   t h e  medium p o p u l a t i o n   f o r e c a s t ;   t h e  MLP by u s i n g   t h e  
mean c o e f f i c i e n t s   w i t h   t h e  medium popula t ion   forecas t ;   and   the   low  by   us ing  
t h e   l o w   c o e f f i c i e n t s   w i t h   t h e   l o w   p o p u l a t i o n   f o r e c a s t .  

MLP P r o j e c t i o n  

1975  2035  Annual  Growth  Rate 

Wi thd rawa l   ( c f s )  930 ( 7 % )  

Consumption ( c f s )   1 5 0   ( 2 2 % )  

2,400 (1%) 

360 (8%) 

1.6X 

1.52 

Seventy-seven  percent of t h e  930 c f s   w i t h d r a w n   i n  Canada f o r   m u n i c i p a l  
u s e  i s  obta ined   d i rec t ly   f rom  the   l akes ,   the   remainder  coming  from e i t h e r  
t r i b u t a r y  streams or   groundwater   sources .   Sub-basins  w i l l  exper ience  
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d i f f e r e n t   g r o w t h  rates b u t   t h e   p r o p o r t i o n   a b s t r a c t e d   f r o m   t h e   l a k e s  will 
no t   change .   The   Lake   On ta r io   bas in   accoun t s   fo r   600   c f s   o r   66   pe rcen t  of 
t h e   t o t a l   w i t h d r a w a l s  of which   550   c fs   o r   91  percent was withdrawn  from  the 
l a k e   i t s e l f .  

Water consumption i s  t r e a t e d  as  a s i m p l e   l i n e a r   f u n c t i o n  of water 
withdrawals .  Thus t h e  pa t te rn  of consunp t ive  u s e  amongst   the   sub-basins  of 
t h e   s t u d y   a n d  t h r o u g h  time i s  t h e  same as  tha t   desc r ibed   fo r   -w i thd rawa l .  

H igh   P ro   i ec t ion  

Withdrawal  (cf s ) 
Consumpt ion   (c fs )  

Low P r o j e c t i o n  

id i thd rawa l   ( c f s )  
Consumpt ion   (c fs )  

2035  Annual  Growth Rate 

2900 
430 

2035 

1900 
280 

1.9% 

Annual  Growth Rate 

1.2% 

N o t e   t h a t   m d c r   t h e   h i g h  and low p r o j e c t i o n s ,   t h e   w i t h d r a w a l   i n   2 0 3 5  
i s  g r e a t e r   t h a n   o r  less t h a n   t h e  MLP by s l i g h t l y  more t h a n  2 0  p e r c e n t .  

6.3.3 I n t e g r a t i o n   o f  U. S. and  Canadian Data and   D i scuss ion  

The  rnethodologics  used i n   t h e  two c o u n t r i e s  are similar f o r   m u n i c i p a l  
water uses, a l t h o u g h  some d i f f e r e n c e s   i n   d e t a i l  are appa ren t .  In  bo th  
coun t r i e s ,   demograph ic   p ro j ec t ions   p repa red  by c e n t r a l  s t a t i s t i c a l  a g e n c i e s  
u n d e r l i e   t h e  water use p r o j e c t i o n s .  These demographic   p ro jec t ions  are  
based upon a n t i c i p a t e d   f e r t i l i t y ,   n o r t a l i t y   a n d   m i g r a t i o n   t r e n d s .   R e g i o n a l  
p o p u l a t i o n  i s  l i n k e d   w i t h   e c o n o m i c   a c t i v i t y   l e v e l s .   I n   b o t h   c o u n t r i e s ,  
water use c o e f f i c i e n t s ,   a s s u m e d   t o   b e   c o n s t a n t   t h r o u g h   t h e   e n t i r e  time 
hor izon ,   were  based upon the   uos t   r ecen t   su rvey   i n fo rma t ion .   These  
c o e f f i c i e n t s  were c o m p u t e d   f o r   e a c h   l a k e   b a s i n   i n   t h e   s y s t e m .   A l t e r n a t i v e  
fu tu res ,   p repa red   fo r   bo th   Canada   and   t he   Un i t ed   S t a t e s ,   he lped   t o  
e m p h a s i z e   t h e   u n c e r t a i n t y   f a c t o r   i n  water u s e   f o r e c a s t s .  

" L P  r e s u l t s   f o r   t h e   C a n a d i a n   a n d  U.S. munic ipa l  water u s e   s e c t o r s  a r e  
in te3 ; ra teJ   be low and i n  T a b l e  6-3  and F i g u r e  6-4. 

1975 2035 

Wi thdrawa l   ( c f s )  7,000 ( 9 X )  13,200 ( 3 4 )  
Consumption ( c f s )  830 (17;;) 1,600 (6X) 

Annual  Growth Rate 

1.1% 
1.1% 
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In t h e   U n i t e d   S t a t e s   c o n s m p t i o n   a v e r a g e s   a b o u t   1 0   p e r c e n t  of 
withdrawals ,  somewhat l o w e r   t h a n   t h e   1 5   p e r c e n t  r a t e  f o r  Canada  and a l s o  
f o r   p r e v i o u s  U.S. s tud ie s .   Consumpt ion   r a t e s   va ry   subs t an t i a l ly   amongs t  
tile s u b - b a s i n s   i n   t h e   U n i t e d  States  i n   c o n t r a s t   t o   t h e   C a n a d i a n  ra tes  which 
have  been  assumed  to  be  constant.   Consumptive  uses i n   t h e  Lake Erie  and 
Mich i san   bas ins   domina te   t he  U.S. t o t a l s ;   t h o s e   f o r   t h e   L a k e   O n t a r i o   b a s i n  
domina te   t he   Canad ian   t o t a l s .  

W a t e r   u s e   p r o j e c t i o n s   f o r   b o t h   C a n a d a   a n d   t h e   U n i t e d   S t a t e s   i n c r e a s e  
with time in   l i ne   w i th   gene ra l   popu la t ion   g rowth .   A l though   t he   Canad ian  
growth ra te  i s  h igher ,   the   dominance  of t o t a l  water u s e  by the   Un i t ed  
States  i s  clear.  The lower  growth ra te  i n  U.S. water u s e ,   i n   c o m p a r i s o n   t o  
the   Canadian  rate,  i s  d i r e c t l y   a t t r i b u t a b l e   t o   t h e   l o w e r   r a t e  of p o p u l a t i o n  
growth. I n  t u r n   t h i s  i s  re la ted t o   t h e   l o w e r   e c o n o m i c   g r o w t h   r a t e   i n   t h e  
U.S. p a r t  of t h e   b a s i n .  The d i f f e r e n c e  i s  r o o t e d   i n   t h e   l o c a t i o n  of primary 
growth areas. In t h e   U n i t e d  States,  t h e   f u t u r e   h i g h   g r o w t h  areas are  
p r o j e c t e d   t o   b e   e x t e r n a l   t o   t h e   G r e a t   L a k e s   b a s i n .  In Canada t h e   b a s i n  
w i l l  c o n t i n u e  i t s  c e n t r a l   r o l e   i n   t h e  economy,  and  grow a t  o r   n e a r   t h e  
n a t i o n a l  rate. 

I n  terms of q u a n t i t y ,   t h e  water a v a i l a b l e  i s  more t h a n   a d e q u a t e   t o  
s a t i s f y   p r e s e n t   a n d   p r o j e c t e d   m u n i c i p a l   n e e d s .  The ma jo r i ty   o f   r eg iona l  
water supply  problems a re  a s s o c i a t e d   w i t h   t h e   q u a l i t y  of t h e   a v a i l a b l e  
water s u p p l i e s ,   t h e   c o s t  of t r e a t i n g   a n d   t r a n s p o r t i n g   t h i s  water, and 
c o n f l i c t i n g  demands f o r   t h e  water resource .  

6.3 Rural-Domestic Mater Use 

Bural-domestic water u s e s   r e f e r   t o   t h o s e  non-colnmunal, p r i v a t e  water 
u s e s   u s u a l l y   a s s o c i a t e d   w i t h   r u r a l   p o p u l a t i o n s .  Such u s e s  are  most o f t e n  
serviced  f rom  groundwater   sources .  

6.3.1 U.S. Rural-Domestic Water Use 

Water   requi red   to   supply  U.S. ru ra l -domes t i c   needs   r ep resen t s   t he  
f i f t h   l a r g e s t  water u s e   s e c t o r   i n   t h e  U. S. bas in .  

MLP P r o j e c t i o n  

1975 2035 Annual  Growth Rate - 
Withdrawal  (cf s )  500 (1%) 600 ( O X )  
Consumption  (cf s )  300 ( 7 2 )  370 ( 2 % )  

0.3% 
0.3% 

Although  both  withdrawal  and  consunption will i n c r e a s e   d u r i n g   t h e  
per iod   1375-2035,   the   p ropor t ion   used   for   rura l -domest ic   use  i s  e x p e c t e d   t o  
decrease   because  of t h e   r e l a t i v e   i n c r e a s e s   i n   o t h e r  demand s e c t o r s .  All 
water usitlldrawn f o r   t h i s   p u r p o s e  i s  s u p p l i e d  by p r iva t e   sys t ems   f rom  in l and  
streams, r e s e r v o i r s   o r   g r o u n d w a t e r  wells. Water use by t he   ru ra l -domes t i c  
s e c t o r  has v i r t u a l l y  n o   e f f e c t  o n  t h e   l e v e l s  of the   Grea t   Lakes   because   o f  
t h e  small q u a n t i t i e s   r e q u i r e d .  
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The  popula t ion  on non-communal p r i v a t e  systems i n   t h e  U.S. p o r t i o n  of 
t h e  Great Lakes   bas in  i s  p r o j e c t e d   t o   d e c r e a s e   a b o u t   3 5   p e r c e n t  by 2035 
f rom  the   5 ,090 ,000   pe r sons   t ha t  were s e r v i c e d   i n  1975.  However, t h e   u s e  of 
p r e s s u r i z e d  as opposed t o   n o n - p r e s s u r i z e d   s y s t e m s  i s  e x p e c t e d   t o   i n c r e a s e  
and   per  capi ta  water use  on p res su r i zed   sys t ems  i s  e x p e c t e d   t o   i n c r e a s e  a t  
l eas t  2 5   p e r c e n t .   T h e r e f o r e ,   e v e n   t h o u g h   t h e   s e r v i c e d   p o p u l a t i o n  w i l l  
d e c r e a s e ,   t h e   c o m b i n a t i o n  of f a c t o r s   r e s u l t s   i n  a n e t   i n c r e a s e   i n  water use  
d u r i n g   t h e   p r o j e c t i o n   p e r i o d .  

A s i n g l e   r u r a l - d o m e s t i c  water u s e   p r o j e c t i o n  was p r e p a r e d   f o r   t h i s  
s tudy   based  on  t h e  U.S. Depa r tmen t   o f   Agr i cu l tu re   i npu t   t o   t he  NAS. The 
m t h o d o l o g y   u s e d   t o   o b t a i n   t h e  MLP c o n s i s t s   o f   t h e   f o l l o w i n g  s teps  (Annex 
F )  : 

(1)  An estimate of t h e  number  of peop le   s e rved  by s e l f - s u p p l i e d  
sys t ems  i n  1970 was determined  with  1970  Census of  Housing  data.  

( 2 )  A s t a n d a r d  r a t e  of decline  between  1960  and  1970,  based on Census 
of  Housing  data,  was d e t e r m i n e d   f o r   e a c h   A g g r e g a t e d   S t a t i s t i c a l  Area 
(A. S . A . ) .  T h i s  r a t e  m u l t i p l i e d  by t h e   p e r c e n t a g e  of u n i t s   w i t h   p r i v a t e ,  
non-comrmnal systems  and OBERS-E p o p u l a t i o n   f o r e c a s t s   p r o v i d e d   p r o j e c t i o n s  
o f   t h e   p o p u l a t i o n   s e r v e d  by t h e s e   s e l f - s u p p l i e d   s y s t e m s .  

( 3 )  Per c a p i t a  rates of ru ra l -domes t i c  water u s e  were e s t i m a t e d   f o r  
h o u s i n g   u n i t s   w i t h   a n d   w i t h o u t   r u n n i n g  water under   p ressure .   Average   da i ly  
p e r   c a p i t a  use estimates a re  40 g a l l o n s   w i t h   p r e s s u r e   a n d   1 0   g a l l o n s  
w i t h o u t   p r e s s u r e .  

( 4 )  The   popu la t ion   p ro j ec t ions   fo r   p re s su r i zed   and   non-p res su r i zed  
systems were m u l t i p l i e d  by the  co r re spond ing  per cap i t a   w i thd rawa l   and  
consumptive  use ra tes  and summed t o   o b t a i n   t o t a l   w i t h d r a w a l s  and 
consumptive use d u r i n g   t h e   f o r e c a s t   p e r i o d .  

6.3.2  Canadian  Rural-Domestic Water Use 

P o p u l a t i o n  forecasts were a d j u s t e d   t o   i n c l u d e   o n l y  t h a t  p o r t i o n   l i v i n g  
i n   t h e  Great Lakes   bas in .  They were t h e n   s u b d i v i d e d   i n t o   t h e   i n d i v i d u a l  
l a k e  bas ins  a n d   f u r t h e r   s u b d i v i d e d   i n t o   r u r a l   a n d   m u n i c i p a l   c o m p o n e n t s .  
R u r a l   p o p u l a t i o n   ( f a r m s   p l u s   c o m n u n i t i e s   u n d e r  1000) t o t a l e d   1 . 1   m i l l i o n  
p e r s o n s   i n  1 9 7 5 .   T h i s   p o p u l a t i o n   g e n e r a l l y   r e p r e s e n t s   t h o s e   s e r v e d  by 
aon-communal, p r i v a t e   s y s t e m s .   T h i s   p o p u l a t i o n  i s  expec ted  to grow  between 
0 .9   percent   and  1.1 p e r c e n t   p e r  annum t o  1.9 t o  2.1 m i l l i o n   p e r s o n s   i n  
2035.  Using t h e   p o p u l a t i o n   f o r e c a s t s ,   r u r a l - d o m e s t i c  water withdrawal  was 
c a l c u l a t e d  o n  t h e   b a s i s  of a c o n s t a n t   f a c t o r  oE 35 g a l l o n s  p e r  c a p i t a  per 
d a y   t h r o u g h o u t   t h e   f o r e c a s t   p e r i o d   w i t h  a consumption ra te  of   60  percent  
(Annex F) .  A l l  w i t h d r a w a l s   f o r   r u r a l - d o m s t i c   p u r p o s e s  are  from  non-lake 
s o u r c e s  so t he   impac t   on  the Grea t   Lakes  i s  r e f l e c t e d   i n   r e d u c e d   i n f l u x  
r a t h e r   t h a n   d i r e c t   w i t h d r a w a l .  

MLP P r o j e c t i o n  
1975 2035 Annual  Growth Rate 

Wi thdrawa l   ( c f s )  60 ( 1 X )  130 ( O X )  
Consumption  (cf s )  3') ( 7 % )  80 ( 2 X )  

1.3% 
1.72 
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As showa i n   T a b l e  6-2, w i t h d r a w a l s   i n  2035 are  p r o j e c t e d   t o   f a l l  
between 120 c f s   a n d  130 cfs w i t h   t h e   c o r r e s p o n d i n g   t o t a l   c o n s u n p t . i o n  
between 7 0  c f s   a n d  SO c f s .  The h i g h e r  of t h e  two p r o j e c t i o n s  i s  t h e  IfLP. 

The  Huron and Erie bas ins  d o m i n a t e   t h e   c u r r e n t   r u r a l   p o p u l a t i o n  
d i s t r i b u t i o n ,   a c c o u n t i n g   f o r  67 p e r c e n t  of t h e   t o t a l .  By 2035,  t h e   O n t a r i o  
b a s i n  w i l l  r e p l a c e  Erie  as the   dominan t   ru ra l   bas in .  A r e l a t i v e l y   r a p i d  
r a t e  of u r b a n i z a t i o n   i n   t h e   E r i e   b a s i n  w i l l  a ccoun t   €o r  this d i sp lacemen t .  

5.3.3 I n t e g r a t i o n   o f  U.S. and  Canadian  Data   and  Discussion 

The i n t e g r a t e d   r u r a l - d o m e s t i c  water u s e  s t a t i s t i c s  based o n  t h e  MLP 
a r e  as f o l l o w s :  

NLP P r o   i e c t i o n  

1975 - 2035 Annual  Growth Rate 

W i t h d r a w a l   ( c f s )  560 (1Z) 730 ( 9 2 )  
Consunp t ion   ( c f s )  3 3 0   ( 7 2 )  4 5 0   ( 2 2 3  

0.41 
0.5x 

A s  i s  t h e  case f o r   o t h e r  water u s e   s e c t o r s ,   t h e r e  w i l l  be  an  increase 
i n  w i t h d r a w a l   a n d   c o n s u m p t i o n   o v e r   t h e   p r o j e c t e d   p e r i o d ,   b u t   t h i s  u s e  w i l l  
d e c l i n e  R S  a p r o p o r t i o n  of t h e   t o t a l   u s e  by a l l  s e c t o r s .  

1J.S. and  Canadian  rnethodologies a r e  comparable.  The l O W E ? K  growth r a t e  
i n  U.S. water use,  i n  comparison  to   Canada,  i s  p r i m a r i l y   a t t r i b u t a b l e   t o  
t h e   l o w e r  r a t e  of popula t ion   growth .  I n  t u r n   t h i s  i s  r e l a t e d   t o   t h e   l o w e r  
economic  growth ra te  i n  t h e  U.S. p a r t  of t h e   b a s i n .   R e s u l t s  of t h e  
i n t e g r a t i o n  of 1J.S. an : l   Canad ian   p ro j ec t ions   fo r   ru ra l -domes t i c  water u s e  
a re  shown i n   T a b l e  6-3 a n 3   F i g u r e  6-5. 

5.4 l f anufac tu r ing  Water Use 

T h e   m a n u f a c t u r i n g  water u s e   s e c t o r  in the Great Lakes basin r e p r e s e n t s  
t h o s e   u s e r s   t r a d i t i o n a l l y   c o n s i d e r e d  as p a r t  of heavy  indus t ry .   Such   users  
may be eitller s e l f - s u p p l i e d   o r   s u p p l i e d   f r o m   c e n t r a l   s y s t e m s .  

6.4.1 U. S. Manufacturing Water Use 

Xanufac tu r ing  i s  c u r r e n t l y   s e c o n d   t o  power g e n e r a t i o n   i n  terms O F  
rnagni-tude of gross   wi thdrawal ,   bu t  i s  t h e  largest   consurner   of  water i n   t h e  
Great Lakes b a s i n  (Annex F ) .  Approximately 90 p e r c e n t  of t h e  water 
r e q u i r e n e n t s  are  s e l f - s u p p l i e d   w h i l e  1 0  p e r c e n t  a re  m u n i c i p a l l y   s u p p l i e d .  
S p e c i f i c   d a t a   b a s e d  on t h e  XLP a r e  as f o l l o w s :  

XLP P r o j e c t i o n  

1975  2035 Annual  Growth Rate 

Withdrawal .   (c fs )  2 0 , 4 0 0   ( 3 3 2 )  27 ,600 (20%) 0.5x 
Consumpt ion   (c fs )  2 , 3 0 0   ( 5 3 2 )  7 ,500 ( 3 6 2 )  2. o x  
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Although  the   da ta  show manufactur ing as a rnajor user of water  and 
p r o j e c t  a n  i n c r e a s e  in use   t o   2035 ,   t he   p ropor t ion   u sed  by 20.35 is  expec ted  
t o   d e c l i n e   b e c a u s e  of r e l a t i v e l y   l a r g e r  uses f o r  power. 

I n c r e a s e s   i n   m a n u f s c t u r i n y   c o n s u r n p t i v e   u s e   i n d i c a t e d   i n   t h e   s t u d y  
s c e n a r i o s  a re  p r i m a r i l y  t h e   r e s u l t  of va ry ing   a s sumpt ions   abou t   t he  
i n s t i t u t i o n  of c l o s e d   c y c l e  s y s t e m s  f o r  cool in2  and   process  water. The 
t y p e  of system used has general ly   been  dependent   upon  numerous  €actors ,  
i n c l u d i n g   w a t e r   a v a i l a b i l i t y  and   qua lCty ,   and   the   degree   and   cos t  of 
e f f l u e n t   p r e t r e a t m e n t   r e q u i r e d .   T h e r e  now i s  a t r e n d   t o   c l o s e d   s y s t e m  
water r e c y c l i n g  a s  a r e a c t i o n   t o   m a n d a t e d  water q u a l i t y   s t a n d a r d s ,  water 
a v , 2 i l a b i l i t y   a n d   e c o n o m i c   f e a s i b i l i t y .  

Compl i ance   a s sumpt ions   i nco rpora t ed   i n to   t he   r r anufac tu r ing  water u s e  
p r o j e c t i o n s  a r e  based   upon  the  ORERS S e r i e s  E economic   p ro jec t ion   of   over  
100 pe rcen t   ~mnufac tu r ing   g rowth   i n   t he   r eg ion   f rom  1975   t o   2000 ,   wh ich  
means t h a t   a h o u t  50 p e r c e n t  of t h e   m n u f s c t u r i n g   a c t i v i t y   i n   t h e   y e a r   2 0 a 0  
w i L 1  be   gene ra t ed  by p l a n t s   t h a t  do  n o t   c u r r e n t l y  exis t .  

Four 1J.S. r.wnuEacturing water u s e   s c e n a r i o s  were p r e p a r e d   f o r   t h i s  
s t u d y   ( F i g u r e  6-6). The p r imary   d i f f e rence   be tu rcen   t hese  sets  o f  numbers 
i s  due  t o   v a r y i n g   a s s u m p t i o n s   a b o u t   i n d u s t r i a l  wastewater r euse .  

The MLP water use estimates Nere d e r i v e d  f r o n  P r o j e c t i o n  3 (NAS) w i t h  
m o d i f i c a t i o n  of t h e  P.L. 92-500 compliance  assumption as i t  has   been 
i n t e r p r e t e d   i n   t h e  NAS. The IUS p resu~ned   t ha t  a l l  i n d u s t r i e s  will 
i n c o r p o r a t e   t h e  maximum a t t a i n a b l e   r e c i r c u l a t i o n .  Rowever, t h e  XLP was 
Eormulated on t h e   a s s u m p t i o n   t h a t  new i n d u s t r y  coining  on l i n e   a f t e r  1975 
will u t i l i z e   b e s t   a v a i l a b l e   t e c h n o l o g y   f o r   p o l l u t i o n   c o n t r o l   w i t h  
a s s o c i a t e d   h i g h   r e c i r c u l a t i o n  rates,  w h i l e   i n d u s t r y   e x i s t i n g   i n   1 9 7 5  w i l l  
c o n t i a u e   t o  use low r e c i r c u l a t i o n  rates. The low r e c i r c u l a t i o n  ra tes  
r e p r e s e n t   t h e   m a n  rate fo r   each   ma jo r   manufac tu r ing   ca t egory ;   t hese  were 
assuxled t o  r e p r e s e n t   b e s t   p r a c t i c a b l e   t e c h n o l o A y   f o r   t h e   e x i s t i n g   s e g m e n t  
O F  the manufac tu r ing  s e c t o r .  Other a s sumpt ions  are t h a t :  1) t h e  
r e l a t i o n s h i p   b e t w e e n  water withdrawals  and  conswnptive llse f o r   i n d u s t r y  
e x i s t i n g   i n   1 9 7 5  w i l l  remain c o n s t a n t   t h r o u g h o u t   t h e   p r o j e c t i o n   p e r i o d ;   a n d ,  
2 )  a l i n e a r   r e l a t i o n s h i p   e x i s t s   b e t w e e n  water -withdrawals  and  consumptive 
u s e  f o r  new i n d u s t r y .  

T o t a l   m n u f a c t u r i n g  water u s e   p r o j e c t i o n s  a re  t?le sum of t he   i nc re lnen t  
of new m a n u f a c t u r i n z   w a t e r   u s e  estimates p l u s   t h e   e x i s t i n g   1 9 7 5  water use.  

D r o j e c t i o n  2 ,  t he   1978  NAS p r o j e c t i o n ,  was p repa red  by t h e  U.S. Water 
Resources   Counci l .  I t  i s  t h e   l o w  e s t i m t e  of manufactur ing  withdrawals   and 
consumptive  use.  The m a j o r   a s s u m p t i o n s   u s e d   t o   f o r m u l a t e   t h i s   p r o j e c t i o n  
a r e  1)  t h e   i n s t i t u t i o n  of c l o s e d   c y c l e  water u s e  by t h e  year 2000 
th roughou t   t he   bas in ,  2 )  t h e   h i g h e s t   r e c i r c u l a t i o n  r a t e  r e c o r d e d   i n   1 9 7 5  
f o r  a major  water-usin;:   industry  group w i l l  be uniformly  adopted by all 
indus t ry   wi th in   eac? l   g roup   and  3 )  t h e  p r i m a r y  n e t a l s   i n d u s t r y  w i l l  be 
phased  out  of the Lake E r i e  basin.  
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P r o j e c t i o n  3 was developed  with  1978 NAS d a t a   w i t h   m o d i f i c a t i o n  of t h e  
a s s u m p t i o n   t h a t   t h e   p r i m a r y  metals i n d u s t r y  w i l l  be   phased  out   of   the   Lake 
Erie  bas in .  Lake Erie manufactur ing water use  estimates i n   t h i s  
p r o j e c t i o n   c o n f o r m   t o  OBEKS Series E economic   p ro jec t ions .  The o t h e r  
assumpt ions  made f o r   P r o j e c t i o n  2 a p p l y   t o   t h e s e   f i g u r e s .  

P r o j e c t i o n  4 i s  based on t h e   a s s u m p t i o n s   t h a t   1 )   t h e r e  w i l l  be no 
a d d i t i o n a l   i n s t i t u t i o n  o f   c l o s e d   c y c l e   i n d u s t r i a l  water s y s t e m s   o t h e r   t h a n  
t h o s e   s y s  terns i n   o p e r a t i o n   i n  1 9 7 5 ,   2 )   e x i s t i n g   r e c i r c u l a t i o n  ra tes  w i l l  be 
maintained  through  2035,  and 3 )  t h e   r e l a t i o n s h i p   b e t w e e n   w i t h d r a w a l   a n d  
consumptive  use ra tes  w i l l  r emain   cons tan t   wi th in   each   manufac tur ing   group,  
b u t   t h e  mix  of groups w i l l  change as  i n   t h e  MLP (Annex F).  

6.4.2  Canadian  Manufacturing Water Use 

In t he   Canad ian  economy t h e  Great Lakes   bas in  i s  t h e  most  important 
i n d u s t r i a l  area. In   1974,   the  l a tes t  y e a r  s ta t is t ics  are  a v a i l a b l e ,   a b o u t  
51   pe rcen t   o f   t he   t o t a l   va lue   o f   sh ipmen t s  by the   Canadian   manufac tur ing  
s e c t o r  was a c c o u n t e d   f o r  by O n t a r i o   i n d u s t r y  as well a s  49 p e r c e n t  of t o t a l  
manufacturing  employment.  Furthermore,  about 3 9  p e r c e n t  of C a n a d a ' s   t o t a l  
manufac tu r ing   f i nns  were l o c a t e d   i n   t h e   p r o v i n c e ,   i n c l u d i n g   5 4   p e r c e n t  of 
t h e   l a r g e s t   f i r m s .  

The On ta r io   i npu t -ou tpu t  (1-0) t a b l e   f o r   1 9 6 5  was used as t h e   b a s i s  
f o r   t h e   i n d u s t r i a l  model  (Annex F) .  On t h e   b a s i s  of t h e  1971  water  use 
i n f o r m a t i o n   f o r   O n t a r i o  as a whole ,   vec tors  of w a t e r   u s e   c o e f f i c i e n t s  were 
developed. The v e c t o r s  were used   i n   con junc t ion   w i th   t he   i npu t -ou tpu t  
model t o   g e n e r a t e  estimates of fu tu re   manufac tu r ing  water use. Estimates 
o f   g r o w t h   p a t t e r n s   i n   t h e   O n t a r i o  economy were developed  f rom  an  analysis  
of  economic  data  from  1956 t o  1975. On t h e   b a s i s  of t h i s   a g g r e g a t e  
a n a l y s i s ,   t h r e e   g r o w t h  ra te  estimates were s e l e c t e d   t o   r e p r e s e n t   l o w ,  
medium and   h igh   s cena r ios .   These  sets  of  growth rates were t h e n   u s e d   i n  
t h e   m o d e l   t o   f o r e c a s t  water use. In a d d i t i o n ,  a spec ia l  a n a l y s i s  was 
c a r r i e d   o u t  o n  t h e   e f f e c t  o f   t echnologica l   change   on  water use.  The water 
u s e   d a t a   s o u r c e   f o r   m a n u f a c t u r i n g  was an  Environment  Canada  survey of water 
u s e   f o r  1972. 

F o r   t h e  MLP a l l  water u s e   p a r a w t e r s ,   e x c e p t   t h e   e c o n o m i c   p r o d u c t i o n  
l e v e l ,  were h e l d   c o n s t a n t .   S p e c i f i c a l l y ,   t h e   t e c h n o l o g y  of water use, as  
r e f l e c t e d  by the   u se   and   consumpt ion  ra tes ,  a n d   t h e   p a t t e r n  of 
i n t e r - i n d u s t r y   p r o d u c t i o n ,   a s   r e f l e c t e d  by t h e   t e c h n i c a l   c o e f f i c i e n t s  of 
t h e  1-0 nodel ,  were assumed  constant  (Annex F).  

T'ne s e l e c t i o n  of economic  growth ra tes  f o r   e a c h   m a n u f a c t u r i n g   s e c t o r  
i s  c r i t i c a l  i n   p r o j e c t i n g   t h e  XLP. The e n p i r i c a l   b a s i s   f o r   d e t e r m i n i n g  
t h i s  set of growth rates was t h e  real  va lue   o f   sh ipments   (1971  do l la rs )  
d a t a   f o r   O n t a r i o   s i n c e  1950. Uthough  bas ing   long- te rm  growth   ra tes  on 
t h i s   p e r i o d  may b i a s   t h e  water u s e   f o r e c a s t s   t o w a r d   t h e   h i g h   s i d e ,   t h e  
economic s t a t i s t i c s  from t h i s   p e r i o d  had t o  be   used   for   they  are t h e   b e s t  
d a t a   a v a i l a b l e .  The  25-year  period was s p l i t   i n t o   f i v e - y e a r   s e g m e n t s .  
Compound annua l   g rowth   r a t e s   fo r   each   pe r iod  were t h e n   c a l c u l a t e d ,   a n d  
h i g h ,  lnedium and  low rates were formulated.  It w a s  assumed  that   growth i n  
e a c h   i n d u s t r y   w o u l d   r e f l e c t   t h e  medium r a t e  of g rowth   t o  1985, t h e  low ra te  
of growth past  2000 and the   ave rage  of t h e s e  two rates between  1985 and 
2 000. 
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Spec i f i c   manufac tu r ing  water use s ta t is t ics  based on t h e  MLP are  as 
f o l l o w s  : 

MLP P r o j e c t i o n  

1975  2035  Annual  Growth Rate 

Withdrawal  (cf s )  5,600  (41X) 49,400 ( 2 0 X )  3.7% 

Consumption  (cf s )  220  (35%)  2,000  (45%)  3.8% 

Of t h e   v a r i o u s   C a n a d i a n   u s e r s   i n   t h i s   s e c t o r ,   c h e m i c a l s ,   p u l p   a n d  
paper  and  primary metals w i l l  c o n t i n u e   t o  be t h e   l a r g e s t   u s e r s   w i t h  
chemica ls ,   pe t ro leum  and   coa l   exper ienc ing   the   mos t   rap id  rates of 
i n c r e a s e .  The  Lake Ontar io ,   Lake Erie and  Lake  Huron b a s i n s ,   i n   d e s c e n d i n g  
o r d e r ,  w i l l  con t inue   t o   be   r e spons ib l e   fo r   mos t  of t h e   r e g i o n ' s  water 
withdrawal  and  consumption. The l a t t e r  two b a s i n s   c o n t a i n   t h e   i n d u s t r i e s  
p ro jec t ed   t o   g row  mos t   r ap id ly .  

F i v e   a l t e r n a t i v e   p r o j e c t i o n s   t o   t h e   C a n a d i a n  MLP of   manufactur ing 
water use were developed   (F igure  6-7;  Annex F) .  The f i r s t  a l te rs  t h e  
growth ra te  fo r   each   manufac tu r ing   ca t egory   f rom  the  MLP t o   t h e   h i g h ,  
medium and  low rates. The h igh  and  low s c e n a r i o s  set  upper  and  lower 
limits on   t he  MLP. The s e c o n d   a l t e r n a t i v e   u s e s  a set  of cons tan t   g rowth  
rates based  on  the l a s t  25   years .  The t h i r d   a l t e r n a t i v e   s i m u l a t e s   c h a n g e s  
i n   t h e   t e c h n o l o g i c a l   a s s u m p t i o n s   a b o u t  water u s e  by a l t e r i n g   t h e   u s e   a n d  
consumption rates. The f o u r t h   a l t e r n a t i v e  shows  what  would  happen t o  water 
i n t a k e   a n d   c o n s u m p t i o n   i n   t h e   C a n a d i a n   s e c t i o n  of t h e   b a s i n   i f   t h e  rates 
f o r  Canada   took   on   the   va lues   assumed  in   the  U.S. compl iance   wi th   the   Clean  
Water Act. The las t  a l t e rna t ive   combines   t he   g rowth  ra te  a l t e r n a t i v e s   w i t h  
t h e  medium t e c h n o l o g i c a l   c h a n g e   a l t e r n a t i v e   t o   s i m u l a t e  water use  under a 
complex set  of fu ture   assumpt ions   (Annex F).  

Because water u s e   d a t a   c o l l e c t i o n   i n  Canada i s  r e l a t i v e l y   r e c e n t ,  
i n s u f f i c i e n t   m e a s u r e m e n t s   e x i s t   t o   a l l o w  a s t a t i s t i c a l   a p p r o a c h   t o   t h e  
f o r e c a s t i n g   e x e r c i s e .  The s imula t ion   approach   t aken   he re  i s  a n   a l t e r n a t i v e  
and  a l lows the selection of a range of water  use estimates around  the  MLP; 
i t  i s  improbab le   t ha t   fu tu re   manufac tu r ing  water u s e  w i l l  f a l l   o u t s i d e   t h e  
ind ica t ed   band .   T rends   i n   env i ronmen ta l   con t ro l ,   even   i n   Canada ,  w i l l  
induce more r e c i r c u l a t i o n   ( i . e .   h i g h e r   u s e   r a t e s )   i n   t h e   f u t u r e   w i t h  
a t t e n d a n t   i n c r e a s e s   i n  water consumption. From F i g u r e  6-7 i t  i s  a p p a r e n t ,  
g i v e n   t h e   e x p o n e n t i a l   n a t u r e  of t he   wa te r   u se   mode l ,   t ha t   t he   deg ree  of 
u n c e r t a i n t y   i n c r e a s e s   w i t h  time. 

6 . 4 . 3   I n t e g r a t i o n  of U.S. and  Canadian Data and  Discussion 

The U.S. and   Canadian   approaches   to   forecas t ing   manufac tur ing   water  
use  are similar i n  most   aspec ts .  In b o t h   c o u n t r i e s   t h e   b a s e  year d a t a  were 
obta ined  by d i r e c t   s u r v e y s  of i n d i v i d u a l   p l a n t s .  The format  and 
d e f i n i t i o n s  employed on survey  work i s  similar, making t h e   b a s i c  water u s e  
d a t a   c o m p a r a b l e .   C o e f f i c i e n t s  of water   use  were c a l c u l a t e d   u s i n g   b a s e  
year r e l a t i o n s h i p s   b e t w e e n  water u s e   a n d   p r o d u c t i v i t y   i n   b o t h   c o u n t r i e s .  
T h e s e   c o e f f i c i e n t s  were assumed  cons tan t   wi th in   manufac tur ing   groups  
t h r o u g h   t h e   e n t i r e   f o r e c a s t i n g   h o r i z o n   i n   b o t h   c o u n t r i e s .  However, i n  
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Canada,  water  withdrawals and consumption were t h e   p a r a m e t e r s   t r e a t e d   i n  
t h i s  manner ;   whereas   t he   " coe f f i c i en t s "   app roach   app l i e s   on ly   t o   g ros s  
water use   i n   t he   Un i t ed   S t a t e s .   In   bo th   coun t r i e s   on ly   one   economic  
parameter, o u t p u t   v a l u e ,   u n d e r l i e s   t h e   f o r e c a s t s .  

The s u b s t a n t i v e   d i f f e r e n c e s  i n  approach   cen t re   a round two i s s u e s :  
pa rame t r i c   va r i a t ion   i n   r ec - l r cu la t ion   and   consumpt ion  ra tes ,  and  the method 
of   formulat ing  sub-basin estimates. The U.S. MLP assumes   tha t  new 
i n d u s t r i e s  w i l l  i n c o r p o r a t e   t h e   b e s t   a v a i l a b l e   t e c h n o l o g y   t o  meet t h e  
requi rements   o f   the   Clean  Water Act. These  requirements   imply  higher  
r e c i r c u l a t i o n  and  consumption  ra tes .   In   contrast ,   the   Canadian MLP h o l d s  
r ec i r cu la t ion   and   consumpt ion  rates c o n s t a n t .  The second  point  of 
d e p a r t u r e   r e l a t e s   t o   t h e   c o m p a r a t i v e   d e t a i l  of sub -bas in   fo recas t s .  In t h e  
U.S. s t u d y ,   f o r e c a s t i n g  was done i n i t i a l l y   f o r   t h e   b a s i n  as a whole,  and 
l a t e r  a more d e t a i l e d   d i s a g g r e g a t i o n   i n t o   s u b - b a s i n s  was prepared by using 
c u r r e n t   d i s t r i b u t i o n   p r o p o r t i o n s .  Such a d i s a g g r e g a t i o n  was not   under taken  
for   the   Canadian   s tudy .   Al though some d i f f e r e n c e s  e x i s t  i n  t h e  
a s s u m p t i o n s ,   t h e   f o r e c a s t s   f o r   t h e  two count r ies   can   be   reasonably   compared  
p r o v i d i n g   t h a t   t h e   r e c i r c u l a t i o n  and  consumption ra te  a s s u m p t i o n s   f o r   t h e  
United States,  which are based   on   envi ronmenta l   cons idera t ions ,  are k e p t   i n  
mind. 

F o r   t h e   m a n u f a c t u r i n g   s e c t o r ,   t h e   r e l a t i v e l y  small i n c r e a s e   i n  U.S. 
water wi thdrawals  (MLP) f r o m   2 0 , 4 0 0   c f s   i n   1 9 7 5   t o   2 7 , 6 0 0   c f s   i n   2 0 3 5   a n d  
t h e   r e l a t i v e l y   l a r g e  increase in   consumpt ion  are notable   (Table   6-1) .  
Withdrawal  and  consumptive  use rates w i l l  p r i m a r i l y   r e f l e c t :   t e c h n o l o g y  
r a t h e r   t h a n   p r o d u c t i v i t y  as new p l a n t s  coming  on l i n e  conform t o   p o l l u t i o n  
cont ro l   requi rements .   Canada ,  much t h e  smaller e c o n o m i c   u n i t ,   a c t u a l l y  
w i l l  a c c o u n t   f o r  a l a r g e r  volume of water withdrawal   than  the  United States 
by 2015.  However, t he   Un i t ed  States w i l l  c o n t i n u e  i t s  dominance of t o t a l  
consumption  because of envi ronmenta l   cont ro ls   and  i t s  h i g h e r  volume of 
o u t p u t ,   a l t h o u g h   a c t u a l   q u a n t i t y  w i l l  decrease   f rom  about  10 times t o   f o u r  
times Canadian   consumpt ion   dur ing   the   forecas t   per iod .  

The p r o j e c t e d  ra te  of i n d u s t r i a l   e x p a n s i o n  i n  t he  United States  i s  
somewhat lower   (1 .6   percent   per   annum)   than   tha t   for   Canada   (3 .7   percent )  
T h i s  two p e r c e n t   d i f f e r e n c e   i n   t h e   i n d u s t r i a l   g r o w t h  rate between  the two 
c o u n t r i e s   c a n   b e   e x p l a i n e d .   H i s t o r i c a l l y ,   t h e   i n d u s t r i a l   g r o w t h  ra te  of 
On ta r io   has   t ended   t o   equa l   o r   exceed   t he   co r re spond ing  rate f o r  Canada. 
For   example,   between  1950  and  1975,   the  industr ia l   value of sh ipmen t s   ( i n  
c o n s t a n t   d o l l a r s )   i n  Canada  grew  annually a t  4 . 3  p e r c e n t .  The 
cor responding  ra te  f o r   O n t a r i o  was 5.5 pe rcen t .   Empi r i ca l ly ,   On ta r io ,   and  
t h e  Great L a k e s   b a s i n   i n   p a r t i c u l a r ,   h a s   e x p e r i e n c e d   g r o w t h  a t  or   above  
n a t i o n a l  rates. 

Over t h e   s h o r t  term, i n d u s t r y   i n   w e s t e r n   C a n a d i a n   a r e a s ,   s u c h   a s  
c e n t r a l  and   sou the rn   A lbe r t a   and   pa r t s  of Saskatchewan, w i l l  l i ke ly   expand  
f a s t e r   t h a n   O n t a r i o   b e c a u s e   o f   t h e i r   f o s s i l   f u e l   e n e r g y   r e s o u r c e s -  
However, i t  i s  s t i l l  problemat ic   whether   th i s   p r imary   sec tor   g rowth  w i l l  
r e s u l t   i n   s u s t a i n e d   h i g h   i n d u s t r i a l   g r o w t h   a n d   e v e n t u a l   e c o n o m i c   d o m i n a n c e .  
First ,  western  markets  are small and some i n d u s t r i a l   s e c t o r s ,   f a v o u r i n g  
l o c a t i o n s   c l o s e   t o   l a r g e   m a r k e t s ,  will l i k e l y   s t a y   i n   O n t a r i o   w i t h   r e a d y  
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access t o   t h e   U n i t e d  States.  S e c o n d ,   t r a n s p o r t a t i o n   c o s t s   t o   b r i n g  
manufactured  goods  from  the west t end   t o   be   h igh .   These   f ac to r s  are  
aga ins t   mass ive   i ndus t r i a l   expans ion .   Th i rd ,   heavy   i ndus t ry   r equ i r e s  
s u b s t a n t i a l   a m o u n t s  of water a n d ,   a l t h o u g h   t h i s   r e q u i r e m e n t  i s  n o t  
a b s o l u t e ,  i t  n e e d s   l a r g e   a d v a n t a g e s   t o   o f f s e t   t h e   d e g r e e  of r e c i r c u l a t i o n  
necessa ry   unde r   s emi -a r id   cond i t ions .  The west may no t   have   t hese .  
The re fo re ,   t he   app roach  i s  t a k e n   t h a t   O n t a r i o  will cont inue  to   occupy  an 
i m p o r t a n t   p l a c e   i n   t h e   i n d u s t r i a l  economy and w i l l  grow a t  o r  n e a r   t h e  
n a t i o n a l  rate. Thus ove r   t he   l ong   run ,  a 3.5 t o  4 .0   percent  ra te  of 
expansion i s  feas ib le .   Because  a d i r e c t   c o r r e l a t i o n  i s  assumed  between 
i n d u s t r i a l   g r o w t h   a n d  water u s e ,   t h e   3 . 7   p e r c e n t   i n c r e a s e   i n   c o n s u m p t i v e  
use i s  a l s o   f e a s i b l e .  

I n  c o n t r a s t ,   t h e  U.S. f o r e c a s t s   f o r   t h e   b a s i n  are  based  upon 
p r o j e c t i o n s   f o r   t h e   c o u n t r y  as a who le ,   and ,   once   t he   na t iona l   fo recas t s  
are  e s t a b l i s h e d ,   t h e   b r e a k d o w n   i n t o   r e g i o n a l   f o r e c a s t s  i s  f a i r l y  
mechanis t ic .  The approach  used i n   t h i s   d i s a g g r e g a t i o n ,   s h i f t - s h a r e  
a n a l y s i s ,  i s  l e g i t i m t e ,   h a v i n g   b e e n   w e l l - e s t a b l i s h e d   i n   r e g i o n a l   e c o n o r n l c  
theory .   Because   the   bas in ' s   g rowth  ra te  h a s   b e e n   b e l o w   t h e   n a t i o n a l  
a v e r a g e   i n   t h e   p a s t   2 5   y e a r s ,   a n d   b e c a u s e   t h e   r e g i o n   h a s  a l a r g e  nulnber of 
t h e   s l o w e r   g r o w t h   i n d u s t r i e s ,   t h e   p r o j e c t e d  r a t e  of growth i s  lower   than  
t h e  U.S. economy as a who le ,   l ower   t han   t ha t   fo r   On ta r io .   Accord ing   t o   t he  
OBERS S e r i e s  E p r o j e c t i o n s ,   t h e   a v e r a g e   g r o w t h  ra te  n a t i o n a l l y  w i l l  be  2.9 
p e r c e n t  p e r  annum, w h i l e   t h a t   f o r   t h e   b a s i n  w i l l  be  2.7 pe rcen t .   I n  
e f f e c t ,   o t h e r   a r e a s  of t h e  U.S. economy,   no tab ly   the   south   and   southwes t  
are p r e d i c t e d  by OBERS t o   e x p e r i e n c e   t h e   h i g h e s t  rates of   growth  over   the 
next  50 y e a r s .   T h i s   f o r e c a s t   h a s   b e e n  made l a r g e l y  on t h e   b a s i s  of pas t  
t r e n d s  i n  t h e   s h i f t - s h a r e   r a t i o s   a n d  i t  i g n o r e s   t h e  water shortage  problems 
of   the   southwes t .  In  r e a l i t y ,   t h i s   r e g i o n  may n o t   b e   a b l e   t o   s u s t a i n   h i g h  
gro.nh rates ove r   t he   l ong   run   wh ich  may u l t i m a t e l y   r e s u l t   i n   h i g h e r   g r o w t h  
i n  more  humid a r e a s ,  among them t h e  Great Lakes   bas in   w i th  i t s  tremendous 
water r e s o u r c e   a v a i l a b i l i t y   a n d   l a r g e   m a r k e t s .  

In  summary t h e n ,   t h e  two p e r c e n t   d i f f e r e n c e   i n   t h e   p r o j e c t e d  
consumptive  use ra te  between  Canada  and  the  United States  i s  a t t r i b u t a b l e  
t o  two f a c t o r s :  1) t h e   U n i t e d  States f o r e s e e s   f u t u r e   h i g h   g r o w t h  areas t o  
b e   i n   t h e   s o u t h   a n d   s o u t h w e s t ,   w h i l e   O n t a r i o   i n d u s t r i a l   g r o w t h  w i l l  
c o n t i n u e  a t  a h i g h  ra te ,  b e i n g   t h e   i n d u s t r i a l   h e a r t l a n d  of  Canada,  and 2 )  
t h e   e x i s t e n c e   i n   t h e   U n i t e d  States  of a mor2 ma tu re   i ndus t r i a l   base .  
R e s u l t s  of t h e   i n t e g r a t i o n  of U. S. and   Canadian   manufac tur ing   pro jec t ions  
a r e  shown below  and i n   T a b l e  6-3 and   F igure  6-8. 

MLP P r o   i e c t i o n  

1975  2035 - 
Withdrawa l   ( c f s )  26,000  (34%) 77,000 (20%) 
Consumption  (cf s )  2,500 (51X) 9,500 (372)  

Annual  Growth Rate 

1.82 
2.22 
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6. 5 Mining Water Use 

itfinin2 water use i n   t h e  Great Lakes   bas in   involves   supply   o f  water t o  
a v a r i e t y  of   min ing   processes   inc luding  wta ls ,  n o n - m t a l l i c   m i n e r a l s ,  
c o a l ,   p e t r o l e u m ,   a n d   n a t u r a l  gas. 

6.5.1 U. S. Mining Water Use 

Xetals, non-meta ls   and   minera l   fue ls  a re  mined i n   t h e  Great Lakes 
r e d i o n ,   a l t h o u g h  o n l y  i r o n   o r e  i s  mined in l a r g e   q u a n t i t i e s .   H o s t  of the 
n a t i o n a l   p r o d u c t i o n  of i r o n   o r e  comes f rom  the   bas in .  

The Great Lakes   p rovide   about   80  percent  of U.S. mining water 
requi rements .   Al though rnuch of t h e  water wi thdrawn  for   min ing   purposes  i s  
r e t u r n e d   t o   t h e   l a k e s ,  some water i s  l o s t   t o   s u r f a c e   i n f i l t r a t i o n  and 
evapora t ion .   Spec i f i c   mtn ing  water uses are as  fo l lows :  

MLP P r o j e c t i o n  

1975  2035  Annual  Growth Rate - 
Withdrawa l   ( c f s )  1,100 (2X) 2 ,400  ( 2 % )  
C o n s u n p t i o n   ( c f s )  240 ( 6 2 )  460 ( 2 % )  

1.32 
1.1x 

The   p ropor t iona l   d rop   i n   consumpt ion   f rom 6 p e r c e n t   i n   1 9 7 5  t o  2 
p e r c e n t   i n   2 0 3 5  i s  because of c o n v e r s i o n   t o   r e c y c l i n g   t e c h n o l o s i e s   a n d  
i n c r e a s e d   c o n s u r n p t i o n   i n   o t h e r   s e c t o r s .  The 1.1 p e r c e n t  compounded growth 
r a t e  i s  s l i g h t l y  less than   t he   p ro j ec t ed   economic   g rowth  ra te  f o r   t h i s  
s e c t o r .  

T h e   p r o j e c t i o n s   d e v e l o p e d   f o r   t h e  NAS min ins  water r e q u i r e r n e n t s   a r e  
p r e s e n t e d  a s  t h e   s i n g l e   s c e n a r i o   f o r  water u s e  by t h e   m i n i n g   s e c t o r  (Annex 
F ) .  No o t h e r   p r o j e c t i o n s  were g e n e r a t e d   f o r   t h i s   s t u d y .  Even i f  a l a r g e  
variance is a l l o w e d  in t he  mining estirnztes, t h i s  sector's relatively s r n a l l  
water consumption  would  have no s i g n i f i c a n t   e f f e c t   o n   l a k e   l e v e l s .  

Estimates of u i n i n g   i n d u s t r y  water r e q u i r e m e n t s   i n   t h e  Great Lakes 
r eg ion ,   based  o n  t h e   s t a n d a r d  water u s e  ra tes  and   consumpt ion   percentages  
A S  a p p l i e d   t o   t h e  OBERS S e r i e s  E m i n e r a l   e a r n i n g s ,  were developed by t h e  
U. S. Bureau of Mines (USBM)(Annex F).  P r o j e c t i o n s   o f   m i n e r a l   i n d u s t r y  
water withdrawals   and  consumption were o b t a i n e d  by e x t r a p o l a t i n g   t h e  USRM 
d a t a   t o  2035. 

6.5.2  Canadian  Mining Water Use 

The  Canadian lnining s e c t o r  i s  e c o n o m i c a l l y   s t r o n g   w i t h   a c t i v i t y  
c e n t e r e d   i n   t h e   C a n a d i a n   S h i e l d  area of t he   uppe r   l akes .  The  mining  growth 
ra tes  f o r   t h e  lXLP were s e l e c t e d  i n  t h e  same manner a s  t h o s e   f o r  
manufactur ing.  T h e  r e s u l t i n g  water w i  thclrawal  and  consumptive  use 
f o r e c a s t s  were formula ted   and   aggrega ted  by b a s i n  o n  t h e   b a s i s  of b a s i n  
s h a r e s  of product iv i ty   and   mine   type .  
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MLP P r o j e c t i o n  

1975  2035  Annual  Growth Rate 

Withdrawal  (cf s )  130 (1%) 1 ,200   (0%)  
Consumption ( c f s )  0 (1%) 40 (LX) 

3.8% 
3.9x 

In  Canada,  most of t h e  water used   for   min ing   purposes  i s  obtained  f rom 
non- l ake   sou rces   i n   t he   Lake  Huron bas in .  

6 .5 .3   In t eg ra t ion   o f  U.S. and  Canadian Data and   D i scuss ion  

Ple thodologies   for   deve loping   bo th  U.S. and   Canad ian   f i gu res  are based 
on water use per p r o d u c t i o n   d o l l a r   w i t h i n   e a c h   m i n e r a l   c l a s s i f i c a t i o n  and 
p r o j e c t i o n s  are t i e d   t o   t h e   s e p a r a t e   e c o n o m i c  climates; t h e r e f o r e ,   t h e  
methodologies  are deemed comparable. The f i g u r e s   d e v e l o p e d   f o r  the 
combined Great Lakes   min ing   s ec to r  MLP are shown below  and i n  Table  6-3 and 
F i g u r e  6-9. 

MLP P r o j e c t i o n  

1975 2035  Annual  Growth Rate 

Withdrawal   (cf  s )  1 ,200   (2%)  3 ,600   (1%)  
Consumption ( c f s )  240 (5%)  500 (2%)  

1.8% 
1.2% 

6.6  Rural-Stock Water Use 

Rural-s tock water u s e   r e f e r s   t o   t h e   w i t h d r a w a l   a n d   c o n s u m p t i o n   o f  
water f o r   t h e   f e e d i n g  and s a n i t a t i o n  of l i ves tock .   L ives tock   consumpt ive  
u s e   i n c l u d e s   l o s s e s  of a n i m a l   d r i n k i n g  water, evapora t ion   f rom  s tockwa te r  
ponds  and losses of c leaning   and  waste water. All of t h i s  water will be 
d e r i v e d   f r o m   u p l a n d   s o u r c e s .   C a t e g o r i e s   o f   l i v e s t o c k   i n c l u d e   b e e f  c a t t l e ,  
dairy c a t t l e ,  p i g s ,  sheep and p o u l t r y .  

6.6.1 U.S. Rural-Stock Water Use 

A l t e r n a t i v e s  were not  developed  because of t h e   n e g l i g i b l e   q u a n t l t i e s  
of water u s e d   f o r   t h i s   p u r p o s e .  The fo l lowing   procedure  was used i n  the 
NAS t o   g e n e r a t e   t h e  MLP water u s e   d a t a  shown i n   T a b l e  6-1. 

( 1 )  Estimates of l i v e s t o c k   p r o d u c t i o n  were der ived   f rom  the  OBEKS 
S e r i e s  E p r o j e c t i o n s  of human popula t ion   which  were t r a n s l a t e d   i n t o  
h i s t o r i c a l   t r e n d s  of commodity  demands.   Projected  l ivestock  product   ion was 
a l l o t t e d   t h r o u g h o u t   t h e   r e g i o n  on t h e   b a s i s  of t h e   p o p u l a t i o n   p r o j e c t i o n s .  

( 2 )  L ives tock  water use  estimates by c a t e g o r y  were c a l c u l a t e d  R S  a 
f u n c t i o n  of s t o c k  water use rates and l i v e s t o c k   p r o d u c t i o n   f i g u r e s .  

( 3 )  The re la t ionship   be tween  numbers  of l i v e s t o c k   a n d   a s s o c i a t e d  
commodities  produced were es t ima ted   fo r   each   r eg ion   w i th   da t a   f rom 1970 
A g r i c u l t u r e   C e n s u s   r e p o r t s .  
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( 4 )   T h e   p r o j e c t e d   a n n u a l   l i v e s t o c k  water r e q u i r e u e n t s ' f o r   t h e   p e r i o d  
1975-2000 were determined by m u l t i p l y i n g   t h e   s t o c k  water u s e  rates by t h e  
p ro jec t ed   l i ves tock   p roduc t ion   f i gu res .   Consumpt ive   u se  rates are  assumed 
t o   b e   1 0 0   p e r c e n t  of withdrawal  rates.  This may n o t   b e   t r u e   i n  a l l  cases 
o f  s t o c k  water use, b u t  estimates o f   r e t u r n   f l o w  a re  t enuous   and   t he  
magnitude i s  c o n s i d e r e d   n e g l i g i b l e  i n  the  c o n t e x t  of t h i s  s tudy .  
P r o j e c t i o n s   f o r   t h e   p e r i o d   2 0 0 0  - 2035 were d e r i v e d  by e x t r a p o l a t i o n .  

T h e s e   f i g u r e s   f o r   t h e   r u r a l   s t o c k   w a t e r i n g   s e c t o r  were developed by 
t h e  U.S. Department of A g r i c u l t u r e .  

MLP P r o j e c t i o n  

1975  2035 - 
Withdrawal   (cf  s )  130  (0%)  140 ( 0 % )  
Consumpt ion   (c fs )  130 ( 3 % )  140 (1%) 

Annual  Growth Rate 

0.1% 
0.1% 

6.6.2  Canadian  Rural-Stock LJater Use 

P r o j e c t i o n s   o f   l i v e s t o c k  water use   i nvo lve  a f o r e c a s t  of t h e  number of 
a n i m a l s  by c a t e g o r y .  It was assumed t h a t   d a i r y   a n d  meat products   f rom 
O n t a r i o   l i v e s t o c k  were d e s t i n e d   f o r   O n t a r i o   m a r k e t s ;  no  accoun t  was t a k e n  
of e i t h e r   e x p o r t s   o r   i m p o r t s .   I n   f o r e c a s t i n g  the number  of a n i m a l s  by 
c a t e g o r y ,   t h e   v a r i a b l e   u s e d  was p e r  cap i t a   consumpt ion  of meat p roduc t s ,  
s t a t i s t i c s  which are a v a i l a b l e   b a c k  t o  1939; a time ser ies  from  1945 t o  
1977 was u s e d   f o r   t h i s   s t u d y .   T h e   p r o c e d u r e   i n v o l v e d   r e g r e s s i o n   a n a l y s i s  
w i t h  time as  t h e   i n d e p e n d e n t   v a r i a b l e .  

Once t h e   p e r   c a p i t a   c o n s u m p t i o n   v a l u e s  were d e r i v e d ,   t h e y  were 
m u l t i p l i e d  by t h e   f o r e c a s t e d  "medium" popu la t ion   and   t hen   d iv ided  by t h e  
a v e r a g e   a n i m a l   w e i g h t s   t o   g i v e  a p r e d i c t e d  number  of a n i m a l s   i n   t h e   b a s i n  
fo r   each   fu tu re   yea r .   The   number  of an ima l s  was then   u sed  as the b a s i s   f o r  
t h e  water u s e   f o r e c a s t  f o r  e a c h  c lass  of   an imal .   Disaggrega t ion  of t h e  
t o t a l   l i v e s t o c k   w a t e r  u s e  was based on a v a i l a b l e  d a t a   e x t e n d i n g   b a c k   t o  
1931. A l l  water wi thd rawa l s   fo r   s tockwa te r  are  c o n s i d e r e d   t o   b e  consumed. 

The es t imtes  of l i v e s t o c k   d i s t r i b u t i o n  among e a c h   l a k e   b a s i n   i n   1 9 7 5  
(Annex F )  were i n u l t i p l i e d  by t h e  water u s e   c o e f f i c i e n t s   a n d   t h e n   a g g r e g a t e d  
i n t o  water wi thdrawals   and   consunpt ion .  

MLP P r o j e c t i o n  

1975  2035  Annual  Growth Rate 

Withdrawals   (cf  s )  80 ( 1%)  220  (0%)  
Consumption (cf s )  80 (13%) 220 (5%)  

1.7% 
1.7% 

I n  d e v e l o p i n g   a l t e r n a t i v e   C a n a d i a n   p r o j e c t i o n s ,   h i g h   a n d  low estimates were 
computed  using meat and   da i ry   consumpt ion   f i gu res   20   pe rcen t   above   t he  NLP 
and 20  pe rcen t   be low  the  HLP r e s p e c t i v e l y ,   w i t h   t h e   a p p r o p r i a t e   p o p u l a t i o n  
p r o j e c t i o n .  
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Withdrawals & Consumpt ion   (c fs )  

High  Forecast  
Low F o r e c a s t  

1975 

80 
80 

2035 Annual  Growth Rate 

27 0 
170 

2.0% 
1.2% 

6 .6 .3   In tegra t ion   of  U. S. and  Canadian Data and  Discussion 

The on ly   fundamen ta l   d i f f e rence   be tween   t he  U.S. and  Canadian 
methodologies  i s  c o n s i d e r a t i o n   i n   t h e   C a n a d i a n   f o r e c a s t s  of p e r   c a p i t a  meat 
and   da i ry   p roduct  demand t o  estimate numbers  of  animals. The U.S. 
me thodo logy   p ro jec t s   t he  number of a n i m a l s   i n   v a r i o u s   c a t e g o r i e s   o n   t h e  
b a s i s  of human popula t ion   growth   ra tes   and   presumes  a l i n e a r   r e l a t i o n s h i p  
w i t h  demand. D i s t r i b u t i o n  of l i v e s t o c k  among b a s i n s  was done   on   t he   bas i s  
o f   p o p u l a t i o n   d i s t r i b u t i o n s .   T h i s   f a c t o r  will have a small impact  upon  the 
o v e r a l l   c o m p a r a b i l i t y  of t h e   f o r e c a s t s .  As in   the   Canadian   methodology,  
a l l   r u r a l - s t o c k  water i s  counted as being consumed. P r o j e c t i o n s   f o r   t h e  
r u r a l - s t o c k   s e c t o r  are  shown i n   t h e   F i g u r e  6-10 and  Table 6-3. S p e c i f i c  
d a t a   f o r   t h e   i n t e g r a t i o n  of   s tock   water ing   based   on   the  MLP a r e  as fo l low:  

MLP P r o j e c t i o n  

1975  2035  Annual  Growth Rate 

Wi thdrawa l   ( c f s )  210 ( O X )  360 ( 0 % )  
Consumption  (cf s )  210 ( 4 % )  360 (1%) 

0.9% 
0.9% 

6.7 I r r i g a t i o n  Water Use 

I r r i g a t i o n  water use   r e f e r s   t o   t he   w i thd rawa l  and  consumptive  use of 
water f o r   t h e   w a t e r i n g  of c r o p s ,   p a s t u r e s ,   o r c h a r d s ,   g o l f   c o u r s e s   a n d  
p u b l i c   l a n d s   s u c h  as p a r k s ,   f o r e s t s  and o t h e r  similar lands .  All of t h i s  
water i s  obta ined   f rom  in land   sources .  

6.7.1 U.S. I r r i g a t i o n  Water Use 

Water w i t h d r a w a l s   r e q u i r e d   f o r   i r r i g a t i n g   c r o p l a n d ,  golf c o u r s e s   a n d  
pub l i c   l ands   compr i se   t he   s ix th   r ank ing   (o f   s even)  demand s e c t o r  i n  t h e  
U.S. Great Lakes   bas in .   Rela t ive ly  small q u a n t i t i e s  of water are needed 
f o r   t h i s   p u r p o s e  as compared to   na t iona l   ave rages   because  of t he   no rma l ly  
a b u n d a n t   r a i n f a l l   i n   t h e   r e g i o n .   S p e c i f i c   i r r i g a t i o n   u s e s   b a s e d  on t h e  MLP 
a re  as f o l l o w s :  

MLP P r o   i e c t i o n  

1975  2035  Annual  Growth Rate 

Withdrawal  (cf s )  350 (1%) 940 (1%) 1.7% 
Consumption  (cf s )  260 ( 5 4 )  790  (3%) 1.92 

Even though  c ropland   acreage  w i l l  s t a b i l i z e ,   t h r e e f o l d   i n c r e a s e s   i n  
water demand a r e   p r o j e c t e d  by 2035;  however, t h e  rate of consumption will 
f a l l   t o   t h r e e   p e r c e n t   b e c a u s e   c o n s u m p t i o n   i n   o t h e r   u s e   s e c t o r s  will 
i n c r e a s e   s i g n i f i c a n t l y .  
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A g r i c u l t u r a l   c o n s u m p t i v e   u s e   v a r i e s   w i t h   t h e   t y p e  of a p p l i c a t i o n ,  
t o p o g r a p h y ,   c l i w t e ,   c o n d i t i o n  of s o i l s   a n d   k i n d  of v e g e t a t i o n .  Estimtcs 
of water consumption were deve loped   acco rd ing   t o   c rop   t ype  f o r  a g r i c u l t u r a l  
i r r i g a t i o n   a n d   c a l c u l a t e d   u s a g e  rates.  Consumption  ranges  between 72 
pe rcen t   and  35 p e r c e n t  of withdrawals .  R e  f i g u r e s   f o r   a g r i c u l t u r a l  water 
withdrawals  and  consumption  were  developed by t h e  s t a t e  o f f i c e s  of t h e  U.S. 
Department of A g r i c a l t u r e   a n d   t h e   S o i l   C o n s e r v a t i o n   S e r v i c e  (SCS) f o r   t h e  
N4S. 

G o l f  c o u r s e   i r r i g a t i o n   c o n s t i t u t e s   t h e   p r i r n a r y   r e c r e a t i o n a l  water 
demand.  The aggrega ted  estimate of go l f  course c o n s t r u c t i o n  i s  based on 
OBI.:%S S e r i e s  E p o p u l a t i o n   p r o j e c t i o n s ,   u s e  of e x i s t i n g   f a c i l i t i e s   a n d  
a n t i c i p a t e d  demands w i t h i n  A.S.A. F a c t o r s   a f f e c t i n g  water consumption  vary 
geographical ly;   however ,   basin-wide  average water consumption a t  75   pe rcen t  
o f   w i t h d r a w a l s   h a s   b e e n   u s e d   i n   t h i s   s t u d y .  

Consumption s t a t i s t i c s  f o r   c r o p s   a n d   g o l f   c o u r s e s   a r e  as f o l l o w s :  

1975 2035 
Crops 

Consumption  (cf s )  180  63 0 

Golf  Courses 

Consu!nption  (cf s )  80 160 

P r o j e c t i o n s  o f  water u s e  i n  t h e   p u b l i c   l a n d s  a r e  based on OBERS S e r i e s  
E p o p u l a t i o n   p r o j e c t i o n s .  The f i g u r e s  were d e r i v e d  by e x t r a p o l a t i o n  of 
h i s t o r i c a l  dsrnand and past uses based on  e x p e c t e d   a d m i n i s t r a t i v e   a n d  
r e s o u r c e  management plans.  They are  a b o u t   s i x   p e r c e n t   o f   t h e   i r r i g a t i o n  
s e c t o r .  One hundred  percent   of  water 7wit11drawals f o r   p u b l i c   l a n d s  
i r r i g a t i o n  i s  assumed t o  he  consumed.  The i r r i g a t i o n   p r o j e c t i o n s   ( T a b l e  
6-1) are  t h e  sum of t he  a g r i c u l t u r a l ,   r e c r e a t i o n a l   a n d   p u b l i c   l a n d  
p r o j e c t i o n s .  

5 .7 .2   Canad ian   I r r iga t ion  Water Use 

Few d a t a  ex is t  on i r r i g a t i o n  water u s e   i n   O n t a r i o .   S t a t i s t i c s  Canada 
commenced p u b l i c a t i o n   o f   i r r i g a t e d   a c r e a g e s  as  r e c e n t l y  as 1960 on a 
10-year time i n t e r v a l .   U s i n g   t h e  compound growth r a t e  between  1960  and 
1 9 7 0 ,   i r r i g a t e d   a c r e a g e s  were upda ted   t o   1975   ( abou t  110,000 acres). For 
a l l  c o u n t i e s   w h o l l y   o r   p a r t l y   w i t h i n   t h e  Great Lakes   bas in ,   fo r   wh ich  
i r r i g a t e d   a c r e a g e s  were r e p o r t e d ,  i t  was as sumed   t ha t  100 p e r c e n t  of t h e  
a c r e a g e  was c o n t a i n e d   w i t h i n   t h e   b a s i n .   U s i n g   a n   a v e r a g e   c o e f f i c i e n t  of 
5.87 i n c h e s  of water pe r  acre (Annex F ) ,  t h e   l a n d  area was c o n v e r t e d   t o  
water use .  I r r i g a t e d  areas were a l loca ted   anongs t   sub -bas ins  on t h e   b a s i s  
of p o p u l a t i o n   d i s t r i b u t i o n .   T h i s   p r o c e d u r e  w a s  a d o p t e d   i n   t h e   a b s e n c e  o €  
a n y   b e t t e r   d i s t r i b u t i o n a l   d a t a .   C g n s u l n p t i o n   f o r   c r o p   i r r i g a t i o n  was 
assumed t o   b e  50 p e r c e n t  of wi thdrawal ,   based  o n  a r e p o r t  by t h e   M o n t r e a l  
Eng i   nee r ins  Company (-4nnex F ) .  

6-32 



S p e c i f i c  data f o r   i r r i g a t i o n   i n  Canada  based on t h e  PCP a re  as 
fo l lows  : 

MLP P r o j e c t i o n  

1975  2035 Annual  Growth Rate - 
Withdrawal  (cf s)  130 ( 12)  330 ( 0 % )  
Consumption  (cf s )  90 (15%) 240 (52)  

1.6% 
1.5% 

In  O n t a r i o   t h e   m a j o r   i r r i g a t e d   c r o p s   c o n s i s t  of t o b a c c o ,   f r u i t  and 
vegetab les .  However, t h e   i r r i g a t i o n  o€ o t h e r   c r o p s  may t a k e   t h e   p l a c e  of 
t o b a c c o   a g r i c u l t u r e .  Assuming t h a t   t h e   g r o w t h   i n  demand f o r   i r r i g a t e d  
c r o p s  i s  r e l a t e d   t o   p o p u l a t i o n   g r o w t h ,   i r r i g a t i o n   w a t e r   u s e  i s  p ro jec t ed   on  
t h e   b a s i s  of t h e  medium p o p u l a t i o n   s c e n a r i o .  

Shown below are  s p e c i f i c   d a t a   d e a l i n g   w i t h   c r o p   i r r i g a t i o n   i n  Canada 
based on  t h e  YI,P a n d  d a t a   o n   g o l f   c o u r s e   i r r i g a t i o n   t a k e n   f r o m   O n t a r i o  
F l in i s t ry  of the  Environment  (MOE) r e c o r d s   a n d   t h e   O n t a r i o   G o l f e r s  
Assoc ia t ion .   Fo r   go l f   cou r se   i r r i ga t ion ,   consu rnp t ion  i s  assumed t o  be 100% 
of   withdrawal .  

Wi thd rawa l   ( c f s )   Consumpt ion   ( c f s )  

1975  2035  1975  2035 

Cropland 70 190 30 100 

Golf  Courses 60 140 

130 330 

” 
60 140 

90 240 

- - 

z r o p l a n d   i r r i g a t i o n  i s  c e n t e r e d   i n   t h e  Lake Erie basin  which  accounted 
to r   abou t  75 p e r c e n t  of t h e   t o t a l  water withdrawal i n  1975. 

To d e m o n s t r a t e   s e n s i t i v i t y  oE t h e   C a n a d i a n   i r r i g a t i o n  mP t o   c h a n g e s  
i n  assumptions,   low  an3  high estimates of i r r i g a t i o n  were made as fo l lows:  

H igh   fo recas t   w i th  20 p e r c e n t  more l a n d   t h a n  MLP ( c f s )  

Withdrawal Consumption 

2035 2035 
“” - 

Cropland 220  110 

Golf COUKSc3S 190 

4 10 

190 

3 00 

- 
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Low f o r e c a s t   w i t h  20   percent  less l a n d   t h a n  MLP ( c f s )  

Withdrawal  Consumption 

2035  2035 

Cropland  160 80 

Golf   courses  130 - 130 - 
2 90 210 

6.7.3 I n t e g r a t i o n  of U.S. and  Canadian  Data   and  Discussion 

The I&P f o r   t h e  Great L a k e s   b a s i n   i n d i c a t e s   t h a t   i r r i g a t i o n  water use,  
r e p r e s e n t i n g   a b o u t  one p e r c e n t  of t o t a l   w i t h d r a w a l s   i n   1 9 7 5   a n d  seven 
p e r c e n t  of t o t a l   consumpt ion  will d e c l i n e   t o  less than   one   pe rcen t  of 
w i thd rawa l s   and   fou r   pe rcen t  of consumption i n  2035.  The  Lake  Michigan 
b a s i n   d o m i n a t e s   t h e  U.S. i r r i g a t i o n  water use ,   accoun t ing   fo r  60-65 p e r c e n t  
of w i t h d r a w a l s   f o r   t h e  time period.  The  Lake Erie bas in   domina te s   t he  
Canad ian   s ec t ion  a t  5 4  p e r c e n t  of withdrawals .  The f i g u r e s   f o r   t h e  
combined Great Lakes i r r i g a t i o n   s e c t o r  MLP are  shown  below  and i n  Table  6-3 
and   F igure  6-1 1. 

MLP P r o j e c t i o n  

1975  2035  Annual  Growth Rate 
__. 

Withdrawal  (cf s )  480 (12)  1,300 ( O X )  
Consumpt ion   (c fs )  350  (7%) 1,000 ( 4 % )  

1.8% 
1.9% 

F o r  i r r i g a t i o n ,   t h e   e x t e n s i v e   d a t a   b a s e   i n   t h e   U n i t e d  States made 
p o s s i b l e  a more  complex s t a t i s t i c a l   t r e a t m e n t .   A p p l i c a t i o n  of t he   Sp i l lman  
f u n c t i o n ,  a c u r v i l i n e a r   r e g r e s s i o n  model d e v e l o p e d   f o r   t h e  U.S. Department 
of  Commerce t h a t   p r o j e c t s   y i e l d s   t o   i n c r e a s e  a t  a d e c r e a s i n g  ra te  over  
t i m e ,  i s  probably r ea l i s t i c ;  whereas t h e  C a n a d i a n   i r r i g a t i o n  u s e  f i g u r e s ,  
based on l i n e a r   e x t r a p o l a t i o n   t h r o u g h   t h e   p r o j e c t i o n   p e r i o d ,  are probably 
b iased   toward   the   h igh   s ide .  However, the  Canadian  consumption rates are  a 
f r a c t i o n  of a pe rcen t   l ower   t han   t hose   fo r   t he   Un i t ed   S t a t e s   because  
d i f f e r e n t   w i t h d r a w a l / c o n s u m p t i o n   r a t i o s  are used i n  t h e  two c o u n t r i e s .  The 
o v e r a l l   i m p a c t  of me thodo log ica l   d i f f e rences  i s  judged  to   be small and, i n  
view of t h e  small q u a n t i t i e s   i n v o l v e d ,   h a v e  a n e g l i g i b l e   e f f e c t  o n  t h e  
o v e r a l l   f o r e c a s t s   ( T a b l e  6-3 and   F igu re  6-11). 

6.8 Power Genera t ion  Water Use 

Power g e n e r a t i o n  water u s e   i n   t h e   c o n t e x t  of t h i s   r e p o r t   r e f e r s   o n l y   t o  
t h o s e  water u s e r s   a s s o c i a t e d   w i t h   t h e r n a l - e l e c t r i c  power product ion.  
Hydropower has   no t   been   cons idered   here   because  water consumption i s  
i n s i g n i f i c a n t .  

Water i s  consumed i n   t h e   t h e r m a l   g e n e r a t i o n   p r o c e s s   i n  two p r i n c i p a l  
ways. In  t h e   f i r s t ,   w a t e r   i n t r o d u c e d   i n t o  a b o i l e r  i s  conve r t ed   t o  steam 
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t o   d r i v e   t h e   t u r b o g e n e r a t o r ,   t h e n   p a s s e d   t h r o u g h  a condenser  where i t  i s  
conve r t ed   back   i n to  water. A small amount  of water i s  l o s t   i n   t h i s  
r e c i r c u l a t i o n   p r o c e s s .  

In   t he   s econd ,  a l a r g e   s e p a r a t e   f l o w   o f   w a t e r  i s  passed   over   condensers  
t o   c a r r y  away t h e  waste h e a t  of condensat ion.   This  i s  t h e  way i n  which 
most  of t h e   w a t e r  i s  10s t when r e t u r n e d   t o   t h e   s o u r c e  a t  h i g h e r   t h a n  
ambient   t empera ture   o r  when p a s s e d   t h r o u g h   c o o l i n g   t o w e r s   o r   p l a n t s   i n   t h e  
c l o s e d - c y c l e   s y s t e m s   r e q u i r e d   t o   e l i m i n a t e   d i s c h a r g e  of heated water. The 
amount  of water r e q u i r e d   f o r   c o o l i n g   d e p e n d s  on the   t ype   o f  power p l a n t ,  
i t s  o p e r a t i n g   e f f i c i e n c y ,   t y p e  of condenser   cool ing  system  and  the  s tandard 
tempera ture  rise wi th in   t he   condense r .  The type of condense r   coo l ing  
system i s  a m a j o r   f a c t o r   c o n t r o l l i n g   t h e  relative q u a n t i t i e s  of water 
wi thdrawals   and   consumpt ive   use .   In   the   ex t reme,   rad ia tor - type   c losed-  
c i r c u i t   c o o l i n g   t o w e r s   c o u l d   v i r t u a l l y   e l i m i n a t e   t h e   n e e d   f o r   l a r g e  
q u a n t i t i e s  of c o o l i n g  water. 

6.8.1 U. S. Power Genera t ion  Water Use 

Water r e q u i r e d   f o r   t h e r m a l - e l e c t r i c  power g e n e r a t i o n   c u r r e n t l y  
r e p r e s e n t s   t h e   l a r g e s t  demand on water r e s o u r c e s   w i t h i n   t h e  U.S. Great 
Lakes   bas in .   Spec i f ic   da ta   based  on t h e  MLP are as f o l l o w s :  

MLP P r o j e c t i o n  

1975  2035 Annual  Growth Rate 

Wi thdrawa l   ( c f s )  33,500  (54%) 94,700  (69%) 1.8X 
Consumption  (cf s )  420 (10%) 10,500  (50%) 5.5% 

Water wi thd rawa l s   fo r   power   u se   cons t i t u t ed  54 p e r c e n t  of t h e   t o t a l   w a t e r  
withdrawn i n   t h e   r e g i o n   i n  1975 and are p r o j e c t e d   t o   i n c r e a s e   t o   a b o u t  69 
p e r c e n t  by 2035. E x i s t i n g   e n v i r o n m e n t a l   r e s t r i c t i o n s   k e e p   t h i s   p e r c e n t a g e  
f rom  be ing   la rger .  

H i s t o r i c a l l y   i n   t h e   g e n e r a t i o n   p r o c e s s ,  water has   been consumed i n  
small q u a n t i t i e s   i n   r e l a t i o n   t o   w i t h d r a w a l s .   W a t e r  consumed  by t h e  power 
s e c t o r   i n  1975 c o n s t i t u t e d   o n l y   a b o u t  10 percent  of t h e   t o t a l  water 
consumed i n   t h e   b a s i n .  However, consumption i s  p r o j e c t e d   t o   i n c r e a s e   t o  
about  50 percent  by 2035 because of t h e   i n s t i t u t i o n  of c o n t r o l l e d  water use  
t echno logy   i n   compl i ance   w i th   t he   C lean  Water Act. Closed-cycle  cooling 
systems are e x p e c t e d   t o   b e   i n s t a l l e d   i n  most  of t h e  new g e n e r a t i o n   p l a n t s  
t h a t  a re  u n d e r   c o n s t r u c t i o n   o r   p l a n n e d   t o   b e   b u i l t  by t h e   y e a r  2000 (Annex 
F)  

Assumptions  concerning  both  the  mix  of  power p l an t   t ypes   and   condense r  
cool ing   sys tems are  k e y   f a c t o r s  in t h e   d e r i v a t i o n  of water u s e   p r o j e c t i o n s ;  
e i t h e r  of t h e  two could  be  adopted. The mix   of   nuc lear -   and   foss i l - fue led  
power p l a n t s   i n   t h e  MLP i s  assumed to   be  of s e c o n d a r y   s i g n i f i c a n c e   a f t e r  
t h e   y e a r  2000. Deve lopmen t   o f   nuc lea r   gene ra t ing   capac i ty  i s  a 
c o n t r o v e r s i a l   p u b l i c   i s s u e  and r e s o l u t i o n  i s  n o t   a p p a r e n t .   P r o j e c t i o n s  
t h a t  were made i n  1970 are  a l r eady   comple t e ly   o f f  mark.  Based on r e c e n t  
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t r e n d s ,   d o c u r a e n t a t i o n   c o u l d   b e   f o u n d   t o   s u p p o r t   p r o j e c t i o n s   d i f f e r i n g  by as 
much a s  60 p e r c e n t  by t h e   y e a r  2020. Nuclear   p lan ts   p resent ly   consulne  50 
p e r c e n t  more water t h a n   c o m p a r a b l e   f o s s i l - f u e l e d   p l a n t s  S O  t h e  mix  of 
p l a n t s  i s  g e n e r a l l y   c o n s i d e r e d   t o   b e  most c r i t i c a l  i n   e s t i m t i n g  
consumptive  use.  However, t e c h n o l o g y   a l r e a d y   e x i s t s   f o r   r e d u c i n g  
consumptive water u s e   i n   n u c l e a r  power g e n e r a t i o n   a l t h o u g h  i t  may n o t   b e  
economica l   i n   t oday ' s   marke t .  It i s  o b v i o u s   t h e n   t h a t   t h e   e s t i m a t i o n  of 
t h e   f u t u r e  mix w o u l d   b e   c o m p l e t e l y   a r b i t r a r y   w h e r e a s   p r o j e c t i o n  of improved 
water u s e   e f f i c i e n c y  i s  based on log ic .   Because   increased   e f f ic iency   would  
v i r t u a l l y   n e g a t e   t h e   s i g n i f i c a n c e  of mix, t h e   p r o j e c t i o n  of a uniform mix 
o f   p l a n t s  aEter t h e   y e a r  2000 r a t h e r   t h a n   p r o j e c t i o n  of 1975 technology was 
adopted  (Annex  F).  

The e x i s t i n g  [n ix   and   a s sumpt ions   abou t   t he   p ro j ec t ed  mix of condense r  
coo l in2   sys t ems  a re  based on in fo rma t ion   f rom  the  NAS and GLBC r e p o r t s ,   t h e  
Ch icago   o f f i ce  of the   Federa l   Energy   Regula tory   Commiss ion ,  the MAIN 
R e l i a b i l i t y   C o u n c i l   o f f i c e  and t h e   A t o m i c   I n d u s t r i a l  Forum. 

Y i s t o r i c a l l y ,   v i r t u a l l y  a l l  power p l a n t s   h a v e   u t i l i z e d   o n c e - t h r o u g h  
c o o l i n g  systems i n  w h i c h   l a r g e   q u a n t i t i e s  of water a re  wi thdrawn  for  
c o o l i n g   p u r p o s e s   w i t h   o v e r  90 percent   re turn   f low.   The   implementa t ion  of 
P.L. 92-500 i n s t i t u t e d  a t r e n d   t o   t h e   u s e  of c losed -cyc le   coo l ing   sys t ems  
t o  e l imina te   env i ronnen ta l . l y   ha r rn fu l   hea t   d i scha rges .  

A v a i l a b l e   i n f o r m a t i o n   i n d i c a t e s   t h a t  78  p e r c e n t   o f   t h e   p l a n t   c a p a c i t y  
c u r r e n t l y   u n d e r   c o n s t r u c t i o n   a n d   s c h e d u l e d   t o   b e  on l i n e  by 1990 w i l l  have 
c losed -cyc le   coo l ing   sys t ems ,   whereas   12   pe rcen t  of e x i s t i n g   c a p a c i t y  has 
i n c o r p o r a t e d   c l o s e d - c y c l e   c o o l i n g .  

The  Clean Water Act i n c l u d e s  a provis ion   which  allows u t i l i t i e s   t o  
m a i n t a i n  a once-through  cool ing  system a t  a p a r t i c u l a r   p l a n t   i f   t h e y   c a n  
show ev idence   t ha t   no   adve r se   env i ron r i l en ta l   impac t s  w i l l  r e s u l t .   T h u s ,   t h e  
t r end   t oward   c losed -cyc le   coo l in2   i n  new p l a n t   c a p a c i t y   c o u l d   b e   d e l a y e d   o r  
changed in the Sutu re   because  of c o n c e r n   r e g a r d i n g  t h e  high  energy  demands 
i n   s u c h   s y s t e m s   o r   b e c a u s e  of a r e l a x a t i o n  of e n v i r o n m e n t a l   r e s t r i c t i o n s .  
Hourever, s u c h   a n   o c c u r r e n c e  i s  n o t   c l e a r l y   i n d i c a t e d  a t  t h i s  time. 

S i x  water u s e   s c e n a r i o s  are  p r e s e n t e d   f o r   t h e  U.S. power s e c t o r  
(Figure  6-12).   Each of t h e   s c e n a r i o s   i n . d i c a t e s   t h a t   t h i s   s e c t o r  will be a 
major water co11sumer. Much 0.f t b i s  water w i l l  b e   o b t a i n e d   d i r e c t l y   f r o m  
the Great Lakes.   The  lake  sources  are favoured by t h e  power u t i l i t i e s  
because of t h e i r   a b u n d a n t  wat2r s u p p l i e s ,   t h e   l o c a t i o n  of  power markets  
a r o u n d   t h e   l a k e s  and t h e   d i m i n i s h e d   s e v e r i t y  oE enviromnental   impacts  
r e l a t i v e   t o  most o t h e r   s o u r c e s .  The   ma jo r   a s sumpt ions   d i s t i ngu i sh ing   t hese  
water consumpt ion   p ro j ec t ions  a r e  p o p u l a t i o n   p r o j e c t i o n s ,   t h e   g r o w t h  ra te  
of e n e r g y   r e q u i r e m e n t s ,   t h e  mix of p o d e r   p l a n t   t y p e s  and  t h e   t y p e  of 
c o o l i n g   s y s t e m s   u s e d   i n   t h e   p o w e r   g e n e r a t i o n   p r o c e s s .  

The  pr imary  assumptions  used t o  f o r m u l a t e  the > K P  are: 1) a n  average 
a n n u a l  power  growth r a t e  of abou t  4.1 p e r c e n t   p r i o r  t o  1980 a s  i n d i c a t e d   i n  
a v a i l a b l e   d a t a  bases, 4.7 percent  between  1980  and  2000, and f o u r   p e r c e n t  
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from  2000 t o  2 0 3 5 ;   2 )   i n s t i t u t i o n  of c l o s e d - c y c l e   c o o l i n g   i n   7 8   p e r c e n t  of 
new power plants   between  1980  and  1990  and i n  90   pe rcen t  of t h e   p l a n t s  
c o n s t r u c t e d   a f t e r   t h e   y e a r   1 9 9 0 ;  3 )  n u c l e a r  power p r o d u c t i o n  will i n c r e a s e  
f r o m   s e v e n   p e r c e n t   o f   t h e   t o t a l   i n   1 9 7 0   t o   3 9   p e r c e n t  by 2000; 4 )  n u c l e a r  
water use ra tes  of pos t -2000   cons t ruc t ion  will e q u a l   f o s s i l  rates; and,5)  
OBERS-E p o p u l a t i o n   f o r e c a s t s .  

P r o j e c t i o n  2 was e x t r a c t e d   f r o m   t h e  GLBC Framework  Study.  The  primary 
a s s u m p t i o n s   u s e d   i n   t h e   f o n u u l a t i o n  of t h i s   p r o j e c t i o n  are: 1) a n   a n n u a l  
power  growth r a t e  of 5 . 2 5   p e r c e n t   t h r o u g h o u t   t h e   p r o j e c t i o n   p e r i o d ;  2)  
OBERS-C p o p u l a t i o n   f o r e c a s t s ;  3 )  i n s t i t u t i o n  of c losed -cyc le   coo l ing  
th roughou t   t he   power   sys t em by t h e   y e a r   2 0 2 0 ;  4 )  n u c l e a r  power p r o d u c t i o n  
will i n c r e a s e   f r o m   s e v e n   p e r c e n t  of t h e   t o t a l   i n  1970 t o   9 8   p e r c e n t  by 2020; 
and, 5 )  improvements i n   t e c h n o l o g y  w i l l  r e d u c e   n u c l e a r  water u s e  ra tes  t o  
t h o s e  of f o s s i l   p l a n t s  by 1985. 

P r o j e c t i o n  3 i s  t h e  NAS power water u s e   p r o j e c t i o n s .  The primary 
a s s u m p t i o n s   u s e d   i n   t h a t   s t u d y  are:  1)  a n   a v e r a g e   a n n u a l  power  growth ra te  
of   about  6.4 percen t   f rom  1975   t o   1985 ,   an   ave rage  ra te  of  6.1  percent  from 
1985 t o  2000,  and a f o u r   p e r c e n t  ra te  from 2000 t o  2035; 2 )   a n   i n c r e a s e   i n  
c l o s e d - c y c l e   c o o l i n g   i n  steam-electric gene ra t ing   p l an t s   f rom  seven   pe rcen t  
in 1975 t o  87   percent  by t h e   y e a r  2000; 3 )  new p l a n t s  w i l l  u s e   c o o l i n g  
towers   o r   ponds ;  4 )  n u c l e a r  power p r o d u c t i o n  will inc rease   f rom  17   pe rcen t  
i n  1975 t o  76   pe rcen t  by 2000;and ,5)   nuc lear  water u s e  rates e x c e e d   f o s s i l  
ra tes  t h r o u g h o u t   t h e   p r o j e c t i o n   p e r i o d .  

The NAS power water u s e   p r o j e c t i o n s   d i f f e r   s i g n i f i c a n t l y   f r o m   t h o s e   i n  
t h e  hlLP. I n  a d d i t i o n   t o   d i f f e r e n t   a s s u m p t i o n s   a n d  water u s e   c o e f f i c i e n t s ,  
t h e  NAS u s e d   d a t a   f r o m   t h e   r e g i o n a l   r e l i a b i l i t y   c o u n c i l s   t h a t   i n c l u d e s   t h e  
e n t i r e  Great L a k e s   r e g i o n   a n d   t h e i r   f o r e c a s t s   w i t h i n   t h e  Great Lakes   bas in  
r e f l e c t  power demand r a t h e r   t h a n  power g e n e r a t i o n .  Demand i n   t h e  NAS 
p r o j e c t i o n  w i l l  h e  s a t i s f i e d  by gene ra t ion   somewhere   w i th in   t he   r eg ion .  
The c r i t i c a l  d i f f e r e n c e  i s  t h a t   t h i s   c o n s u m p t i v e   u s e   s t u d y  i s  concerned 
o n l y  with water u s e   i n   t h e  Great Lakes b a s i n   a n d  water u s e  i n  t h i s   s u b - a r e a  
o f   t h e  Great Lakes   r eg ion   does   no t   equa te   t o   ene rgy  demand. 

P r o j e c t i o n s  4 and 5 a re  m e r e l y   f i v e   p e r c e n t   a n d   t h r e e   p e r c e n t   a n n u a l  
power g e n e r a t i o n   g r o w t h   p r o j e c t i o n s  a f t e r  the   yea r   2000 ,   based   on   t he  same 
b a s i c   d a t a   a n d   a s s u m p t i o n s   t h a t  were used i n   t h e  NLP. 

P r o j e c t i o n  6 i n c o r p o r a t e s   a l l   t h e   a s s u m p t i o n s   u s e d   i n   t h e  NLP except 
t h e   o n e   r e l a t e d   t o   c l o s e d - c y c l e   c o o l i n g .   I n s t e a d ,   p r o j e c t i o n  6 i s  based o n  
t h e   a s s u m p t i o n   t h a t  power  companies will b e   a b l e   t o   o b t a i n   v a r i a n c e s   f r o m  
t h e  Clear Water Act mandate   concern ing   hea ted   d i scharges .   The  law does  
allow v a r i a n c e  on a c a s e - b y - c a s e   b a s i s   i f   l a c k  of nega t ive   envi ronmenta l  
i m p a c t s   c a n   b e   d e m o n s t r a t e d .   T h i s   a l t e r n a t i v e   t h e n   i n c o r p o r a t e s   i n   t h e  MLP 
o n c e - t h r o u g h   c o o l i n g   i n   t h e  mix of the rma l  power p l a n t s   t h a t   h a v e   n o t   y e t  
b e e n   b u i l t   i n   a d d i t i o n   t o   t h o s e   p r e s e n t l y   u s i n g   o n c e - t h r o u g h   c o o l i n g .  
Economics   and   s i t ing  are m j o r   f a c t o r s   t h a t   t e n d   t o   p r e c l u d e   o n c e - t h r o u g h  
a s  compared t o   c l o s e d - c y c l e   c o o l i n g .  The purpose of t h i s   s c e n a r i o  i s  n o t  
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t o  recommend v a r i a n c e   b u t   r a t h e r  i s  to   demonst ra te   the   magni tude  of t h e  
impact o f  t h e   C l e a n  Water Act on water consumption i n   t h e  Great Lakes   bas in  
as  t h e  l a w  i s  c u r r e n t l y   a p p l i e d .  

6.8.2 CanadLsn  Power  Generation Water Use 

Thermal   power   genera t ion ,   the   l a rges t  water wi thd rawa l   s ec to r   (Tab le  
6-2) i n   t h e  Canad ian   po r t ion   o f   t he   bas in ,  i s  an  ex t r eme ly   impor t an t   f ace t  
o f  t h e   O n t a r i o  economy.  The t o t a l   i n s t a l l e d   c a p a c i t y  of a l l  power 
p r o d u c t i o n   p l a n t s   i n   t h e   p r o v i n c e  was 17,900  megawatts (MW) i n  1975. 

In  1975,  thermal power p r o d u c t i o n   f a c i l i t i e s   t o t a l e d   1 1 , 5 0 0  MW of  
i n s t a l l e d   c a p a c i t y ;  a l l  of t h e s e   f a c i l i t i e s  a r e  l o c a t e d   w i t h i n   t h e  Great 
Lakes  basin.  Of t h e   1 1 , 5 0 0  PlW of i n s t a l l e d   t h e r m a l  power g e n e r a t i n g  
c a p a c i t y ,  77.6 p e r c e n t  i s  a c c o u n t e d   f o r  by conven t iona l   coa l   and   o i l - f i r ed  
p l a n t s ,  18.9  percent  by n u c l e a r   p l a n t s   a n d   t h e   r e m a i n d e r  by o t h e r   p l a n t  
t ypes   such  as g a s   t u r b i n e   o p e r a t i o n s .  The a d o p t e d   f o r e c a s t s  a re  taken  f rom 
s e v e r a l   s o u r c e s   a n d   t e n d   t o   b e  on t h e   c o n s e r v a t i v e   s i d e  of c u r r e n t  
p r e d i c t i o n s .  

P r inc ipa l   a s sumpt ions   unde r ly ing   t he  MLP f o r   t h e r m a l  power g e n e r a t i o n  
a r e  : 

- the  economic  growth ra te  w i l l  r e m a i n   c o n s t a n t   o v e r   t h e   e n t i r e  
p r o j e c t i o n   p e r i o d   a n d  w i l l  b e   e q u i v a l e n t   t o   t h e   g r o w t h  ra te  genera ted  
by t h e  CANDI.DE p r o j e c t i o n s  (Annex F) of r e a l  domes t i c   p roduc t   fo r  
t h i s   i n d u s t r y ;  

- a l l  t h e r m a l   p l a n t s  w i l l  employ  once-through  cooling  systems; 

- no s u b s t a n t i a l   c u r t a i l m e n t s  w i l l  be f o r c e d  by environmental  
c o n s i d e r a t i o n s ;   a n d ,  

- most s t a t i o n s   i n   t h e   f u t u r e  w i l l  b e   l o c a t e d  on the  Great Lakes. 

T h r o u g h o u t   t h i s   s e c t i o n ,   o n l y   t h e   O n t a r i o  Hydro sys tem i s  cons idered  
s i n c e   m i n o r   i n d u s t r i a l  power producers  were i n c l u d e d   i n   t h e   n a n u f a c t u r i n g  
s e c t o r .   A l s o ,   t h e   f o r e c a s t s   a s s u m e   t h a t   n o n - c o n v e n t i o n a l   s o u r c e s   ( e . g .  
s o l a r   p o w e r )  w i l l  c o n t r i b u t e  less t h a n   1 0   p e r c e n t  of needs by 2035. 
A s s i s t a n c e  was provided by O n t a r i o  Hydro i n  deve loping   th i s   methodology.  

F o r e c a s t i n g  water u s e   f o r   t h e r m a l  power product ion   mus t   occur   wi th in  
the   f ramework   of   overa l l  power sys t em  p l ann ing .   In   t h i s   p l ann ing   p rocess ,  
t h e  eroerging dernands are  q u a n t i f i e d ,   t h e   a n o u n t  of  power r e q u i r e d   t o  met 
them i s  c a l c u l a t e d ,   a n d   t h e   e x i s t i n g  power  network i s  expanded  accordingly.  
S i n c e   t h e   n o r m a l   c o r p o r a t e   p l a n n i n g   p r o c e s s   e x t e n d s   a t   m o s t   t o   2 5   y e a r s   i n  
t h e   f u t u r e ,   o f f i c i a l   p r o j e c t i o n s  of energy  demands,  peak  loads, etc. ,  are 
a v a i l a b l e   o n l y   t o   t h e   y e a r  2005. A l s o ,   f i r m   p l a n n i n g   f o r   f u t u r e   f a c i l i t y  
l o c a t i o n  i s  a v a i l a b l e  on ly  t o  1990.  Thus the  methodology  adopted had t o  
a l l o w   f o r   t h e   l o n g   p r o j e c t i o n   p e r i o d   a n d   t h e   l a c k  of a commit ted  generat ion 
program past  1990. As i n   o t h e r   s e c t o r s ,  a number of p ro jec t ions   based  on 
varying  assumptions were c o n s t r u c t e d .  
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A f o r e c a s t  of peak  power  demands m d e  by Ontar io   Hydro   provided   the  
s t a r t i n g   p o i n t   f o r   t h e   p r o j e c t i o n s  of water use.  The  agency  a l lows  an 
excess   o f   dependab le   peak   gene ra t in2   capac i ty   ove r   t he   peak  demands of a t  
l eas t  25   pe rcen t .   Thus   €o r   each   f i ve -yea r   pe r iod   bez inn ing   i n   1975 ,   t he  
i n s t a l l e d   g e n e r a t i o n   r e q u i r e m e n t s   c o u l d   b e   c a l c u l a t e d  up t o   t h e   y e a r  2005. 
A f t e r   2 0 0 5   t h e   i n s t a l l e d   g e n e r a t i n g   r e q u i r e m e n t s  were extended by 
e x t r a p o l a t i o n  on t h e   b a s i s  of four   percent   annual   g rowth .   This   p rocess  
provided   an  XLP of t h e   c a p a c i t y   w h i c h  w i l l  b e   r e q u i r e d   i n   t h e  systea. 

'dit11 r e q u i r e d   c a p a c i t i e s   i n   p l a c e ,   t h e   g e n e r a t i n g   f a c i l i t i e s  were t h e n  
b r o k e n   i n t o   h y d r o - e l e c t r i c ,   f o s s i l   a n d   n u c l e a r   t y p e s .   F o r   t h e  years t o  
1990, Ontar io   Hydro has a committed  expansion  program,  making i t  r e l a t i v e l y  
s i m p l e  t o  expand  the   cur ren t  system. For  1990 t o  2000,  the  agency has a n  
u n o f f i c i a l   a n d   c o r a p l e t e l y   t e n t a t i v e   p r o g r a m ,   w h i c h ,   d e s p i t e  i t s  s t a t u s ,  was 
used t o   e s t i m a t e   t h e  XLP t o  2000. Past t h a t   y e a r ,   t h e  demand f o r   i n s t a l l e d  
g e n e r a t i n g   r e q u i r e m e n t s   o v e r   t h e   c a p a c i t y  of t h e   s y s t e m   f o r   t h e   h i g h  
a l t e r n a t i v e s   i n  2000 was d i v i d e d  65 p e r c e n t   n u c l e a r  an3 3 5  p e r c e n t   f o s s i l  
g e n e m t i n g   p l a n t s ,   w i t h  no expansion  seen  for   the  hydro-power  system. For  
t h e  medium and low a l t e r n a t i v e s   t h i s   s p l i t  was t a k e n  a t  3 5   p e r c e n t   n u c l e a r  
a n d   1 5   p e r c e n t   f o s s i l .  

V i t h   t h e   b r o a d   o u t l i n e s   o f   t h e   s y s t e i n   i n   p l a c e ,  i t  was n e c e s s a r y   t h e n  
t o   d e t e r m i n e   t h e   e n e r z y   p r o d u c t i o n   f r o m   t h e   h y d r o - e l e c t r i c ,   n u c l e a r   a n d  
f o s s i l   f u e l   p l a n t s .   F o r  a d e t a i l e d   d e s c r i p t i o n   o f   t h e   m t h o d o l o g y  used  t o  
de t e rmine   ene rgy   p roduc t ion  re€er t o  Annex F. Once t h e  actual energy 
p r o d u c t i o n   f o r   e a c h   t y p e  of p l a n t  was c a l c u l a t e d ,  water withdrawals   and 
consumption were c a l c u l a t e d   u s i n g   c o n s t a n t   c o e f f i c i e n t s   b a s e d   o n  work i n  
t h e  GLhC Framework  Study.   For   nuclear   plants   withdrawals   average two c f s  
p e r  nlegawatt  (0.228 cfs/GWH), w h i c h   t r a n s l a t e s  t o  4 5   m i l l i o n   g a l l o n s  p e r  
k i lowa t t -hour  (KWH) of energy   product ion .  The c o r r e s p o n d i n g   f i g u r e s   f o r  
f o s s i l - f u e l e d   p l a n t s  a re  1.2 c fs   per   megawat t   (0 .137  cfs/GWH) and  27 
m i l l i o n   g a l l o n s   p e r  KWH. Fo r   bo th   t ypes   o f   p l an t ,   consumpt ion  i s  t a k e n  a t  
0 .75   percent  of  withdrawals .  

T h e   l o c a t i o n  of f u t u r e   t h e r r n a l   s t a t i o n s  i s  a c o n p l e x   f u n c t i o n  of 
s e v e r a l   v a r i a b l e s ,  among t h e m   t h e   a v a i l a b i l i t y   o f  water s u p p l i e s ,   t h e  
p r o x i m i t y   t o   m a r k e t s   a n d   t h e   l o c a t i o n  of t r a n s m i s s i o n   l i n e s .  Most s t a t i o n s  
i n   t h e   f u t u r e  w i l l  b e   l o c a t e d   a d j a c e n t   t o   t h e  Great Lakes ,   and   fo r   t he  
p e r i o d   t o  2000 there  i s  some i d e a  as t o  precise l o c a t i o n .   A f t e r  2000, 
h o w e v e r ,   t h e   d i s t r i b u t i o n  of c a p a c i t y  was determined on t h e   b a s i s  of past 
l o c a t i o n s   a n d   t h e   f u t u r e   d i s t r i b u t i o n  of p o p u l a t i o n   a n d   i n d u s t r i a l  
a c t i v i t y .   A f t e r  2000, i t  i s  assumed t h a t   9 5   p e r c e n t   o f   t h e   i n s t a l l e d  
capac i ty ,   and   acco rd ing ly   95   pe rcen t  of t h e  water use ,  w i l l  be i n   t h e  
bas in .  

Peak demands o n   t h e   O n t a r i o  Hydro s y s t e m  in 1975   t o t a l ed   14 ,535  MW. 
The t o t a l   c a p a c i t y   ( g e n e r a t e d   p l u s   p u r c h a s e d )   o f   t h e   s y s t e m  was 18,657 NW, 
r e s u l t i n g   i n   s o n e   o v e r c a p a c i t y .   T n i s   o v e r c a p a c i t y   r e s u l t s   f r o m   a n  
over -es t imat ion   of   load   growth .  The o v e r c a p a c i t y  i s  expec ted   t o   be   r educed  
g r a d u a l l y   a n d   a f t e r  2000 i n s t a l l e d   g e n e r a t i n g   c a p a c i t y  w i l l  be  25 p e r c e n t  
i n  excess of peak  demands.   After  2000,  the IILP annual   g rowth  r a t e  i n  peak 
dermnds i s  p r o j e c t e d  a t  f o u r   p e r c e n t .  By 2035,   there  w i l l  be  a 
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peak demand of 143,600 MW, y i e l d i n g  a r e q u i r e m e n t   f o r   i n s t a l l e d   g e n e r a t i n g  
c a p a c i t y  of 179,500 MV. The expans ions  i n  peak demand a n d   r e q u i r e d  
i n s t . 4 1 . l e d   g e n e r a t i n g   c a p a c i t y   r e p r e s e n t  an ave rage  4.57 p e r c e n t   a n n u a l  
g r o w t h   r a t e   o v e r   t h e   e n t i r e  time period.  

The expansion  program of Ontario  Hydro,  committed  to  1990  and 
u n c o m l i t t e d   t o  2000, i s  b u i l t   i n t o  t he  c a p a c i t y   f i g u r e s .  This expans ion  
program  d isp lays  a growing   re l iance   on   nuc lear   power ,   which  w i l l  p rov ide  51 
p e r c e n t  of t o t a l   i n s t s l l e d   g e n e r a t i n g   c a p a c i t y  by 2000  and 6 1  p e r c e n t  by 
203 5. 

W i t h   r e g a r d   t o  power p r o d u c t i o n ,   t h e   s y s t e m  w t  a demand  of abou t  
81,900 GCJH i n  1975,  broken down amongs t   t he   va r ious   p l an t   t ypes .  By 2035, 
t h e   t o t a l  power  demand i s  p r o j e c t e d   t o   b e   1 , 0 6 9 , 2 0 0  GWH, a 4 .4   percent  ra te  
o f   annua l   i nc rease .  The t o t a l  power demand i n c l u d e s  a n e t   e x p o r t  of 3,000 
GWH p e r  y e a r   t h r o u g h o u t   t h e   t i n e   p e r i o d .  

Water u s e   f o r  power based   on   t he  MLP i s  p r o j e c t e d  a s  f o l l o w s :  

MLP P r o j e c t i o n  

1975  2035  Annual  Growth Rate 

W i t h d r a w a l   ( c f s )  6,600 (49%) 197,200 (791)  5.8% 
C o n s u ~ p t i o n   ( c f  s )  60 ( 82) 1,540 (34%) 5.9% 

T h e   i n h e r e n t   s h i f t   i n   t h e  YLP t o   n u c l e a r  power p l a n t s ,  a larger water 
user  t h a n   f o s s i l   p l a n t s ,   c a u s e s   t h e  water use  growth ra te  t o   b e  1.2 percent 
per annum above  the  growth of power g e n e r a t i n 2   c a p a c i t y .  

The  breakdown  of t o t a l  water use by l a k e   b a s i n  was done by z roup ing  
e x i s t i n g   a n d   p l a n n e d   p l a n t s  by b a s i n   a n d   d i s a g g r e g a t i n g   t o t a l  water u s e   i n  
l i n e   w i t h   t h e  capaci t ies  of t h e s e   p l a n t s .   A f t e r   1 9 9 0 ,  when t h e   p r e c i s e  
l o c a t i o n  of p l a n t s  is unknown, p r o p o r t i o n a l   d i s t r i b u t i o n   i n   t h e   l a k e   b a s i n s  
i s  a s suaed   t o   r ema in   cons t an t .  

I n  a d d i t i o n   t o   t h e  MLP, f i v e   p r o j e c t i o n s  were prepared   (F igure   6 -13) ;  
t h r e e   d e a l   w i t h   c h a n g e s   i n   t h e   g r o w t h  r a t e  and two w i t h   t e c h n o l o g i c a l  
v a r i a t i o n s .  

The  high,  medium and  low  growth r a t e  p r o j e c t i o n s   c o n c e n t r a t e   o n   t h e  
e f f ec t s  of v a r y i n g   t h e   d e m n d s  f o r  power,  and on consequen t   changes   i n  
p r o d u c t i o n   c a p a c i t i e s .  All t h e s e   a l t e r n a t i v e s   e r a p h a s i z e   n u c l e a r   p o w e r  as 
t h e   d o m i n a n t   f u t u r e   r e a n s  of power p roduc t ion .   The   h igh   g rowth   s cena r io  
uses an   annual   g rowth  r a t e  of f ive   pe rcen t   f rom  1980   t o   p ro j ec t   peak   power  
demands,   whi le   the medium and l o w  growth scena r ios   u se   fou r   pe rce l l t   and  
t h r e e   p e r c e n t   g r o w t h  rates, r e s p e c t i v e l y .  

The   t echno1o ; i ca l   va r i a t ions   focus   upon   changes   i n   t he   t ype   o f   coo l ing  
system  employed i n   O n t a r i o   t h e r m a l   g e n e r a t i n g   s t a t i o n s .  The medium 
technology  scenario  employs  cool ing  ponds  on a l l  c a p a c i t y   i n s t a l l e d   i n   t h e  
f u t u r e ,   r e u s i n g   t h i s  water so t h a t   t h e  o n l y  water r e q u i r e d  i s  that  t o  make 
u p   f o r   e v a p o r a t i o n   a n d  blowdown. The i n t e n s i v e   t e c h n o l o g y   s c e n a r i o  
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employs   cool ing   towers   ins tead  of coo l ing   ponds ,   bu t   t he  make-up 
s p e c i f i c a t i o n s   a r e   t h e  same. It i s  a l s o   a s s u m e d   t h a t  a l l  c u r r e n t   c a p a c i t y  
and i t s  replacement  will r e t a i n  a once-through  cooling  system. A t  t h e  
p r e s e n t  time t h e s e  two t echno logy   s cena r ios  are  s e e n  as  only  remote 
p o s s i b i l i t i e s .  They are inc luded   he re   mere ly   t o  show t h e   e f f e c t s  on 
withdrawal  and  consumption i f   r e c i r c u l a t i n g   s y s t e m s   s h o u l d   b e   r e q u i r e d   i n  
t h e   f u t u r e   t o  limit environmental   damages.   In   order   not   to   include  the 
e f f e c t s  of  complex  growth ra tes ,  MLP power p r o j e c t i o n s  are  used f o r  t h e  
medium and   i n t ens ive   t echno logy   s cena r ios .  

The MLP i s  based  on  once-through  cool ing.   With  cool ing  ponds  or  
c o o l i n g   t o w e r s ,   t h e   o n l y  new water r e q u i r e d  i s  t o   r e p l a c e   c o n s u m p t i o n ,  so  
wa te r   w i thd rawa l s   i nc rease   ve ry   s lowly   ove r  time g i v i n g   t h e   l o w e s t  water 
withdrawals.  However, consumptive  use i s  h i g h e s t   f o r   t h e   c o o l i n g   t o w e r  
o p t i o n   w i t h   a n   a v e r a g e   a n n u a l   i n c r e a s e  of 6.8 p e r c e n t  as opposed t o   t h e  MLP 
r a t e  of i n c r e a s e  of 5.9 percent .  

6.8.3 I n t e g r a t i o n   o f  U.S. and  Canadian Data and   D i scuss ion  

Power g e n e r a t i o n  i s  t h e  most s i g n i f i c a n t   w i t h d r a w a l   s e c t o r   i n   t h e  
Great L a k e s   b a s i n .   S p e c i f i c   d a t a   b a s e d  on t h e  power s e c t o r  NLP a re  shown 
below  and i n   T a b l e  6-3 and   F igu re  6-14. 

1975  2000  2035 Annual  Growth Rate - - - 
I n t e g r a t e d  MLP 

Wi thdrawa l   ( c f s )  4 0 , 1 0 9   ( 5 3 % )  8 9 , 5 0 0   ( 6 4 % )  291,900  (75%)  3 .4% 
Consumpt ion   (c fs )  480 (10%) 2 , 6 0 0   ( 2 6 % )  1 2 , 0 0 0   ( 4 7 2 )  5.6% 

U.S. MLP 

Wi thdrawa l   ( c f s )  3 3 , 5 0 0   ( 5 4 % )  48,200 ( 5 9 % )   9 4 , 7 0 0   ( 6 9 % )  1.8% 
Consumption  (cfs)  420 ( 1 O X )  2,200 (27%) 10,500 ( 5 0 X )  5.5% 

Canadian MLP 

Wi thdrawa l   ( c f s )  6 , 6 0 0   ( 4 9 % )  41 ,300  ( 7 1 % )  197 ,200   (79x)   5 .8% 
Consumption (cfs) 60  ( 8 % )  3 1 0   ( 2 2 % )  1 ,540   (34%)  5 .9% 

Commencing w i t h  a va lue  of 33,500 c f s   i n  1975,  t h e  U.S. r a t e  of 
withdrawals  w i l l  i n c r e a s e   p r i o r   t o  2000 a t  a ra te  a b o u t   o n e - h a l f   t h a t   a f t e r  
2000 r e f l ec t ing   confo rmance   w i th   t he   goa l s  of the   Clean  Water Act. A f t e r  
2000 ,  t h e   w i t h d r a w a l s   i n c r e a s e  i n  p r o p o r t i o n   t o  mix of p l a n t s   a n d   c o o l i n g  
s y s t e m s ,   t o  demand, to   popula t ion   growth   and   to   economic   g rowth  rates to 
94,700 c f s  by t h e   y e a r  2035. Consumption,   on  the  other   hand,  w i l l  i n c r e a s e  
through time from 420  c f s   i n  1975 t o  10,500 c f s   i n  2035 r e p r e s e n t i n g   a n  
i n c r e a s e  of 5.5 percent   per  annum. 

Although  Canada i s  much t h e  smaller economic unit, i t  accounts  f o r  
more  than two times g r e a t e r   w i t h d r a w a l  by t h e   e n d  of t h e   f o r e c a s t   p e r i o d  
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because  of   the  assumed  lack of e n v i r o n m e n t a l   r e s t r i c t i o n s .  The United 
S t a t e s   o n   t h e   o t h e r   h a n d ,  w i l l  b e   c o n s u m i n g   a b o u t   s i x   t o   e i g h t  times as  
much water d u r i n g   t h e   6 0 - y e a r   p r o j e c t i o n .  

F o r e c a s t s   f o r   b o t h   t h e   U n i t e d   S t a t e s   a n d   C a n a d a  are  based  upon 
c u r r e n t   i n f o r m a t i o n   w i t h   r e g a r d   t o  water u s e ,   p r o r a t e d   t o  1975;  both 
c o u n t r i e s  employ  power p r o d u c t i o n   f o r e c a s t s  by t h e i r   r e s p e c t i v e  power 
a g e n c i e s  a s  t h e   b a s i s  of t h e  water u s e   f o r e c a s t s ;   a n d   t h e   g e n e r a l  
assumpt ions  a re  c o n s i s t e n t   f o r   b o t h   c o u n t r i e s .  The U.S. f o r e c a s t s  were 
done a t  a more d i s a g g r e g a t e d  l e v e l  a n d   t h u s  are  probably more a c c u r a t e .  
The f o r e c a s t s   d i f f e r   i n   t h e i r   a p p r o a c h   t o   w i t h d r a w a l   a n d   c o n s u n p t i o n  rates; 
t h e  rates are c o n s t a n t   t h r o u g h   t h e   f o r e c a s t   p e r i o d   i n  Canada,  but  vary i n  
t h e   U n i t e d  States i n  keep ing   w i th   t he   goa l s  of t he   C lean  Water Act. 

6 9 Summary 

Seven water u s e   s e c t o r s  were a d d r e s s e d   i n   t h i s   s t u d y ;   t h e y   i n c l u d e  
Municipal,   Rural-Domestic,   Manufacturing,  Mining,  Stockwatering,  Irrigation 
and  Thermal Power Generation.  Three  of  these,   Rural-Domestic,  
S t o c k w a t e r i n g   a n d   I r r i g a t i o n   a r e   s e r v i c e d   e x c l u s i v e l y  by non-lake  sources.  
Th i s   sou rce   d i f f e rence   wou ld  create a s h o r t  term i m b a l a n c e   i n   t h e  
h y d r o l o g i c  cycle but  a l l  s o u r c e s   c a n   b e   t r e a t e d   e q u a l l y   i n   t h e  long  term. 
From a c o n t i n e n t a l   p e r s p e c t i v e ,   a g r i c u l t u r e  i s  a major   water   user .  
However, t h i s   s e c t o r  i s  a r e l a t i v e l y  minor  user  of Great Lakes waters 
because of t h e   h u m i d i t y   a n d   a b u n d a n t   p r e c i p i t a t i o n   i n   t h i s   t e m p e r a t e  
cl imatic zone. 

6.9.1  United States 

,4 m a j o r   a t t r a c t i o n   o f   t h e  Great Lakes   reg ion  has been   the   abundant  
water supply   and   the   manufac tur ing   and  power s e c t o r s   h a v e   h i s t o r i c a l l y  
t a k e n   a d v a n t a g e   o f   t h i s   a t t r i b u t e .   I n   t h e   U n i t e d   S t a t e s ,  of t h e   s e v e n  
s e c t o r s   t h a t  were i n v e s t i g a t e d ,   t h e  power indus t ry   wi thdrew the most water 
i n  1975, 5 4  percen t   o f   t he   t o t a l ,   f o l lowed   by   manufac tu r ing   w i th   33   pe rcen t  
(Table  6-1).  Municipal  use was t h i r d   a t  a nominal   10  percent .   These  three 
s e c t o r s   a c c o u n t e d   f o r  97 p e r c e n t   o f   t o t a l  water withdrawals  and are  
e x p e c t e d   t o   a c c o u n t   f o r   t h e  same pe rcen tage   i n   2035   a l though   p ropor t ions  
w i l l  i n c r e a s e  t o  69  percent  f o r  p o w e r ,   r e f l e c t i n g  i t s  increas ing   dominance  
i n   t h e   b a s i n ,   a n d   d e c r e a s e   t o  20 p e r c e n t   f o r   m a n u f a c t u r i n g   a n d   e i g h t  
p e r c e n t  f o r  municipal   withdrawals ,   even  though a c t u a l  volumes w i l l  i n c r e a s e  
s i g n i f i c a n t l y   i n   b o t h  of t h e s e   s e c t o r s   ( T a b l e  6-1). 

A s  should  be  expected,   growth rates w i l l  vary  between  sectors   and 
sub-bas in   a reas   and  w i l l  f l u c t m t e   i n  time, b u t   t h e  compound annual   g rowth  
r a t e   f o r   t o t a l   w i t h d r a w a l s  i s  p r o j e c t e d  a t  1.3 percent   f rom 1975-2035. 
T o t a l  water wi thdrawals   f rom  the  U.S. p o r t i o n   o f   t h e  Great L a k e s   a n d   t h e i r  
d r a i n a g e   b a s i n s  are  expec ted   to   increase   120   percent   be tween  1975  and   2035 
due t o  i n t e r a c t i n g   e f f e c t s  of env i ronmen ta l   con t ro l s   and   an t i c ipa t ed   g rowth  
p r o j e c t i o n s   ( T a b l e   6 - 1 ) ,   a l t h o u g h   t h e   r a t i o  of lake  to   non-lake  withdrawals  
w i l l  s t a y  a t  approximate ly  3:l. 

6-4 6 



Table 6-1 SUMMARY OF U. S. WATER USE FORECASTS ( c f s )  

Comp . MLP % 1975  1985  2000 2015 2035 
Annual TOT& 

Use Sector  Growth USE 
Rate 1975  2035 MLP High Low  MLP High Low MLP High Low MLP High Low 

x 

Municipal  
Withdrawal 
Consumption 

Rural-Domestic 
Withdrawal 
Consumption 

Manufacturing 
Withdrawal 
Consumption 

Mining 
F' 
I 
4 

Withdrawal 
Consumption 

Rural-Stock 
Withdrawal 
Consumption 

I r r i g a t i o n  
Withdrawal 
Consumption 

Power 
Withdrawal 
Consumption 

T o t a l  
Withdrawal 

1.0 
0.9 

0.3 
0.3 

0.5 
2.0 

1.3 
1.1 

0.1 
0.1 

1.7 
1.9 

1.8 
5.5 

1.3 

10 
16 

1 
7 

33 
53 

2 
6 

0 
3 

1 
5 

54 
10 

8 
5 

0 
2 

20 
36 

2 
2 

0 
1 

1 
3 

69 
50 

6100 6900 7300 6500 8100 8900 6900 9200 11100 7600 10800 14500 8 7 0 0  
680 750 880 700 880 1200 750 1000 1600 840 12 00 2200 970 

500 540 540 540 560 560 560 580 580 580 600 600 600 
300 330 330 330 330 330 330 350 350 350 370 370 370 

20400 21100 8600 24000 22900 5700 33000 24800 8000 43000 27600 10400 65000 
2300 2800 3300 2700 4000 5100 3500 5400 7000 4400 7500 9400 5400 

1100  1300  1300  1300  1600  1600  1600  1900  1900  1900  2400 
240  270  270  270  330  330  330  380  380  380 460 460  460 

2400  2400 

130 130 130 130 130 130 130 140 140 140 140 140 14  0 
13 0 130 13 0 13 0 13  0 13 0 13 0 140 140 14 0 140 140 140 

350 470 590 470 6  10 780 6  10 750 940 750 940 1180 94 0 
260 38 0 410 380 500 540 500 630 670 630 790 850 790 

33500 39900 39900 51800 48200 48200 103100 ,61000 70400 185700 94700 132400 406800 
420 830 830 650 2200 2200 1300 4500 5200 2300 10500 14600 5100 

62100  70400  58300  84700  82000  65900  145900  98500  93000  239600  137200  161700  484600 
Consumption  2.7  4300  5500  6200  5200  8500  9900  6800  12500  15300  9100  20900  28000  13300 

~~ ~~ . ." 

NOTES: 1) "High"  and "Low" Forecas t s   r e f e r   t o   t he   Consumpt ive  Water Use Cases. 
2 )  Columns may not  add  due to   rounding  of sums. 
3)  Due to   s epa ra t e   me thods  employed i n   t h e   t a b u l a t i o n   a n d   r o u n d i n g  of d a t a   t h e r e   m y   b e   n e g l i g i b l e   d i f f e r e n c e s   b e t w e e n   f o r e c a s t   n u m b e r s  

i n   t h i s   T a b l e   a n d   t h e   c o r r e s p o n d i n g  numbers a p p e a r i n g   i n   t h e  DATA SET ( S e c t i o n  11 of Annex F). 



Consumptive water u s e ,   t h a t   p o r t i o n  of water w i t h d r a w a l s   t h a t  i s  not 
r e t u r n e d   t o   t h e   s y s t e m ,  i s  e x p e c t e d   t o   b e   f i v e  times g r e a t e r   i n  2035  than 
i t  was i n  1975 (Table  6-1).   Consumptive  use will inc rease   f rom  seven  
p e r c e n t   o f   t o t a l   w i t h d r a w a l s   i n   1 9 7 5   t o   1 5   p e r c e n t   i n   2 0 3 5 ,   o r   2 0 , 9 0 0   c f s  
o f   t h e   e s t i m a t e d   1 3 7 , 2 0 0   c f s   t h a t  will be withdrawn.  Manufacturing 
consumed 53 p e r c e n t   o f   t h e   4 , 3 0 0   c f s   t o t a l   i n   1 9 7 5   w i t h   m u n i c i p a l  
consumption a t  16   percent   and   the   power   indus t ry  a t  10   percent .   These  
t h r e e   s e c t o r s   a c c o u n t e d   f o r  80 p e r c e n t  of t h e  water consumed i n  1975  and 
w i l l .  i n c r e a s e   t o  92 p e r c e n t  of t h e  much l a r g e r  volume of consumed water i n  
2035. An annual   growth ra te  of 5 .5   percent   in   consumpt ive   use  by t h e  power 
i n d u s t r y  i s  e x p e c t e d   t o   b e   t h e   h i g h e s t .   E x i s t i n g   l e g i s l a t i o n ,  
, e n v i r o n m e n t a l   c o n t r o l s ,   e c o n o m i c   c o n s i d e r a t i o n s   a n d   i n s t i t u t i o n a l  
c o n s t r a i n t s   a c c o u n t   f o r   t h e   s i g n i f i c a n t   p r o j e c t e d  increases in   consumpt ion  
by t h e  power a n d   m a n u f a c t u r i n g   s e c t o r s .   I n   a d d i t i o n   t o   t h e   n e e d   t o   s a t i s f y  
e n v i r o n m e n t a l   c o n c e r n s ,   t h e s e   i n d u s t r i e s  w i l l  t end   t o   c lo sed -cyc le   coo l ing  
t o   i m p r o v e   o p e r a t i o n a l   c o s t   e f f i c i e n c y ;   t h i s  will reduce   wi thdrawal  rates 
b u t  will a c c o u n t   f o r   t h e   a c c e l e r a t e d   i n c r e a s e   i n   c o n s u m p t i v e  water use.  

The  compounded annual   growth ra te  i n   t o t a l  water withdrawals  i s  
p r o j e c t e d  a t  1.3 pe rcen t   pe r  annum and   t ha t   fo r   consumpt ive   u se  i s  2.7 
percent   (Table   6 -1) .  Range  of u n c e r t a i n t y  i s  1 . 9  t o  3 .2   pe rcen t   fo r  
consumptive water u s e   a n d ,   i n   a n   i n v e r s e   r e l a t i o n s h i p ,  3.5 t o  1 .6   percent  
f o r   w a t e r   w i t h d r a w a l s .  

These   p ro j ec t   i ons  are based on t h e   p r e m i s e   t h a t   t h e   s o u r c e  of abundant 
water a f f o r d e d  by t h e  Great Lakes w i l l  c o n t i n u e   t o   b e  a m a j o r   f a c t o r   i n   t h e  
region.   Even  though a n a t i o n a l  water c o n s e r v a t i o n   p o l i c y  i s  p r e s e n t l y  
be ing   espoused ,   the   need  w i l l  vary   be tween  reg ions .   Because   o f   th i s  
a b u n d a n t   f r e s h  water s u p p l y ,   c o n s e r v a t i o n  will not  be as  s t r i n g e n t  as i n  
o t h e r   p a r t s  of t he   Un i t ed   S t a t e s   and  w i l l  b e   p r e d i c a t e d  by env i ronmen ta l  
and   economic   cons idera t ions .   Addi t iona l ly ,   the   assumpt ion  i s  made t h a t ,  
d e s p i t e   s h o r t  term t r e n d s  of e m i g r a t i o n  of p e o p l e   a n d   i n d u s t r i e s ,  the b a s i c  
need f o r  water will d i c t a t e  con t inued   g rowth   i n   p roduc t iv i ty   and   popu la t ion  
i n   t h i s   r e g i o n   d u r i n g   t h e   l o n g  term. 

6.9.2  Canada 

The t o t a l  water wi thd rawa l   fo r   t he   Canad ian   s ec t ion  of t h e  Great Lakes 
b a s i n   i n   1 9 7 5  was 13,500  cf  s ,  wi th   consumpt ion   be ing   630   c f s ,   o r  4.7 
percent   o f   wi thdrawals   (Table  6-2). Withdrawals are dominated by t h e r m a l  
power  which  accounts   for  49 p e r c e n t  of t h e   t o t a l .  The  second  largest  water 
wi thd rawa l   u se ,   manufac tu r ing ,   accoun ted  f o r  4 1   p e r c e n t  of the t o t a l   o r  
5 ,600 cf s .  These two u s e s   t o g e t h e r ,   t h e r e f o r e ,   a c c o u n t   f o r  90 p e r c e n t  of 
t o t a l   w i thd rawa l s .   Manufac tu r ing  i s  the   l a rges t   consumer   o f  water i n   t h e  
b a s i n  a t  220 c f s   o r   a b o u t   f o u r   p e r c e n t  of t h e   c o r r e s p o n d i n g  water 
withdrawal.  Consumption i n   t h e r m a l  power g e n e r a t i o n ,   t h e   l a r g e s t  
wi thdrawal   use ,  i s  on ly   0 .75   pe rcen t  of in take ,   making  i t  t h e   f i f t h   l a r g e s t  
consumer of water i n   t h e   b a s i n .  
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T a b l e  6-2 SUMMARY OF CANADIAN WATER USE FORECASTS ( c f s )  

Comp.  HLP 1975  1985  2000  2015  203 5 
Annual TOTAL 

Use Sec to r   Growth  USE 
Rate  1975  2035 KLP High Low MLP High Low %P S i g h  Low  "ILP High Low 

% 

M u n i c i p a l  
Wi thdrawal  
Consumption 

Rural-Domest ic  
Wi thdrawal  
Consumption 

M a n u f a c t u r i n g  
Withdrawal  
Consumption 

Mining 
m 
c. 

Withdrawal  
u3 Consumption 

Rura l -S tock  
Withdrawal  
Consumption 

I r r i g a t i o n  
Withdrawal  
Consumption 

Power 
Withdrawal  
Consumption 

T o t a l  
Wi thdrawal  

1.6 
1.5 

1.3 
1.7 

3.7 
3.8 

3.8 
3.9 

1 . 7  
1.7 

1.6 
1.5 

5.8 
5.9 

5.0 

7 
22 

1 
7 

$1 
35 

1 
0 

1 
13 

1 
15 

49 
8 

1 930 
8 150 

0 60 
2 30 

20 5600 
45  220 

0 130 
1 0 

0 80 
5  80 

0 130 
5  90 

79  6600 
34  60 

13500 

1100 
1 7  0 

80 
50 

8600 
330 

200 
10 

100 
10  0 

150 
110 

18400 
14 0 

28500 

1300 
200 

80  
50 

8800 
360 

220 
10 

120 
12 0 

17 0 
120 

18600 
230 

29300 

900 
140 

80 
50 

7600 
310 

190 
10 

80  
80 

140 
100 

14900 
110 

23900 

1300 1600 
200 240 

90  90 
60 60 

15100 16100 
600 790 

370 450 
10 10 

120 150 
1 2  0 150 

190 220 
13 0 160 

41300 44700 
310 540 

58500  63300 

1100 1700 
16  0 260 

80 100 
50  60 

12000 25100 
500 1000 

3 10 6 10 
10 20 

100 160 
100 160 

170 240 
1 2  0 170 

27500 80700 
210 640 

41300  108600 

2100 
310 

100 
60 

30600 
1700 

930 
30 

200 
200 

290 
200 

102400 
1100 

136600 

1400 
210 

100 
60 

18000 
780 

520 
10 

130 
1 3  0 

2  10 
1 5  0 

47800 
360 

68200 

2400 2900 
36 0 430 

130  130 
80  80 

49400 72500 
2000 4800 

1200 2500 
40 70 

220  270 
220 270 

330  4  10 
245 300 

197200 285500 
1540 2500 

250900  364200 

1 9 0 0  
280 

12  0 
70 

32000 
1500 

1000 
30 

1 7  0 
170  

29 0 
210 

98700 
740 

134100 
Consumption  3.3  630 900 1100  800  1400  2000  1200  2300  3600 1700 4500  8500 3000 

NOTES: 1) "High"  and "Low" F o r e c a s t s   r e f e r   t o   t h e   C o n s u m p t i v e  Water Use Cases- 
2 )  Columns may not   add  due  to   rounding of sums. 
3)  Due to   separa te   methods   employed  i n  t h e   t a b u l a t i o n   a n d   r o u n d i n g  of d a t a   t h e r e  nay  be n e g l i g i b l e   d i f f e r e n c e s   b e t w e e n  forecast numbers 

i n   t h i s   T a b l e   a n d   t h e   c o r r e s p o n d i n g   n u m b e r s   a p p e a r i n g   i n   t h e  DATA SET ( S e c t i o n  11 3f Annex F). 



By 2035, t o t a l   w i t h d r a w a l s  are p r o j e c t e d   t o  grow t o  250,900  cfs ,  
domina ted   t o   an   even   g rea t e r   deg ree  by power gene ra t ion   w i th   79   pe rcen t   o f  
t h e   t o t a l .  The  compound growth ra te  f o r   t o t a l   w i t h d r a w a l s  i s  f i v e   p e r c e n t  
p e r  annum as  compared  with a 5.8 percent   growth ra te  f o r  power withdrawals  
(Table  6-2).  Manufacturing w i l l  c o n t i n u e   t o   b e   t h e   s e c o n d   l a r g e s t  
wi thdrawal   use  a t  about   20  percent .   Because  of   the way e l emen t s   o f   t he  
p r o j e c t i o n s   i n t e r a c t ,   w i t h  power accoun t ing   fo r   on ly  a very  small 
p r o p o r t i o n  of consumption,   the   consumptive  use w i l l  i n c r e a s e  a t  o n l y  a 3.3 
p e r c e n t   r a t e   o v e r   t h e   6 0 - y e a r   f o r e c a s t i n g   p e r i o d   t o   4 , 5 0 0   c f s   w i t h   t h e r m a l  
power g e n e r a t i o n   a n d   m a n u f a c t u r i n g   t o g e t h e r   a c c o u n t i n g   f o r   7 9   p e r c e n t   o f  
t h e   p r o j e c t e d   t o t a l .  

High  and  low  scenarios show an   expec ted   range   of   g rowth   for  water use  
o v e r   t h e  t ine  per iod.  The h i g h   s c e n a r i o   g i v e s  a growth ra te  of t o t a l  
withdrawal  of  5.7 p e r c e n t   a n n u a l l y ,   w i t h   t h a t   f o r   c o n s u m p t i v e   u s e  a t  4.4 
p e r c e n t .   F o r   t h e   l o w   s c e n a r i o ,   t h e s e  rates are  3.9 pe rcen t   and  2.6 p e r c e n t  
r e s p e c t i v e l y .  The d i r e c t   r e l a t i o n s h i p   b e t w e e n  water withdrawals  and 
consumpt ion   r e f l ec t s   Canad ian  water use   po l i cy .  

6.9.3 Great Lakes  Basin 

Combined U.S. and  Canadian water consumption  of  4,900  cfs i n   t h e  Great 
Lakes   bas in   i n   1975  i s  e x p e c t e d   t o   i n c r e a s e   t o   2 5 , 4 0 0   c f s  by t h e   y e a r  2035. 
Th i s   i nc rease   o f   abou t   20 ,500   c f s  i s  e q u i v a l e n t   t o   8 . 6   p e r c e n t   o f   t h e  
ave rage   d i scha rge   t h rough   t he  S t .  Lawrence  River. The range of u n c e r t a i n t y  
i s  16 ,300   t o   36 ,500   c f s   (Tab le  6-3, Figure  6-15) by t h e   y e a r  2035.  The 
g r o w t h   a s s o c i a t e d   w i t h   t h i s   i n c r e a s e d   w a t e r  use i s  expec ted   to  be focused 
in   southern  Lake  Michigan,   Lake Erie and  western  Lake  Ontario.  Over t h e  
60-year   per iod,  77 p e r c e n t   t o   9 1   p e r c e n t  of a l l  p r o j e c t e d  water consumption 
i s  a t t r i b u t e d   t o   t h r e e  of t h e   s e v e n  water u s e   s e c t o r s ,   m u n i c i p a l ,  
manufactur ing  and  thennal  power g e n e r a t i o n ,   a l t h o u g h   t h e   r e l a t i v e  
s i g n i f i c a n c e  of each   o f   t hese   ma jo r   s ec to r s  w i l l  change  with time. While 
vary ing   cons iderably   be tween water use   sec tors   and   sub-bas in  areas w i t h i n  
t h e   i n t e r n a t i o n a l  Great Lakes,   consumptive water u s e  on a b a s i n  scale w i l l  
remain a r e l a t i v e l y   c o n s t a n t   6 . 5   p e r c e n t  of water withdrawals   (Table  6-3, 
F igure  6-16). 

The q u a l i t y  of f o r e c a s t s  re la tes  d i r e c t l y   t o   t h e   a s s u m p t i o n s  upon 
which  they a re  based. The b a s i c   a s s u m p t i o n s   u s e d   i n   t h i s   s t u d y   i n c l u d e  
p o p u l a t i o n   f o r e c a s t s ,   c h a n g e s   i n   g r o s s   n a t i o n a l   p r o d u c t ,   i n d u s t r i a l   g r o w t h  
r a t e s ,   c h a n g e s   i n  water u s e   e f f i c i e n c i e s ,   t e c h n o l o g i c a l   c h a n g e s ,   t r e n d s   i n  
pe r   cap i t a   consumpt ion ,   ex t en t   o f   bas in   impor t s   and   expor t s   and   t he  
s i g n i f i c a n t   o n e   i n c o r p o r a t e d   i n t o   t h e  U.S. f o r e c a s t s   f o r   m a n u f a c t u r i n g   a n d  
thermal  power g e n e r a t i o n :   p o l l u t a n t   d i s c h a r g e   g o a l s  as p r e s c r i b e d   i n   t h e  
Clean Water Act. U n c e r t a i n t y   a n a l y s i s  i s  d i f f i c u l t   i n   f o r e c a s t s   b a s e d   o n  
s o c i a l   a n d   e c o n o m i c   p r o j e c t i o n s ,   b u t   s u c h   a n a l y s i s  i s  a b s o l u t e l y   i m p e r a t i v e  
i n   a t t a c h i n g   c o n f i d e n c e   t o   t h e   n u m b e r s   t h a t  are  genera ted .  The approach 
u s e d   h e r e  i s  based   bo th  on ranges  of t h e   i n p u t   v a r i a b l e s   a n d   i n c o r p o r a t i o n  
o f   o t h e r   r e l e v a n t   f o r c a s t s   t h a t   h a v e   r e s u l t e d   i n   a n   e n v e l o p e  of f o r e c a s t s  
t h a t   e x p a n d s   i n  time (Table  6-3, Figure  6-15) .   This   technique  demonstrates  
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T a b l e  6-3 SUMMARY  OF GREAT LAKES WATER USE  FORECASTS ( c f s )  

Comp . MLP % 1975  1985  2000 2015 2035 
Annual TOTAL 

Use Sec tor   Growth  USE 
Rate 1975  2035 M P  High  Low ?ILP IIigh Low .x P Xigh I, ow %P High  Low 

M u n i c i p a l  
Withdrawal  
Consumption 

Rural-Domest i c  
Withdrawal  
Consumption 

Manufac tu r ing  
Withdrawal  
Consumption 

H i  n i  ng 
Withdrawal  
Consumption 

Rural-Stock 
Withdrawal  
Consumption 

I r r i g a t i o n  
Withdrawal  
Consumption 

Power 
Withdrawal  
Consumption 

T o t a l  
Withdrawal  

1.1 
1.1 

0.4 
0.5 

1.8 
2.2 

1.8 
1 . 2  

0.9 
0.9 

1.8 
1.9 

3.4 
5.6 

2.8 

9 
17 

1 
7 

34 
51 

2 
5 

0 
4 

1 
7 

53 
10 

3 
6 

0 
2 

20 
37 

1 
2 

0 
1 

0 
4 

75 
47 

7000 
83 0 

560 
330 

26000 
2500 

1200 
240 

2 10 
210 

480 
350 

40100 
480 

75600 

8000 
92 0 

620 
380 

29700 
3100 

1500 
280 

230 
230 

620 
49 0 

58300 
970 

98900 

8600 
11 00 

620 
380 

17400 
3700 

1500 
28 0 

250 
2 50 

760 
530 

58500 
11 00 

87500 

7400 
840 

620 
380 

31600 
3000 

1500 
280 

210 
210 

610 
480 

66700 
760 

108600 

9400 
1100 

650 
390 

38000 
4600 

2000 
340 

250 
250 

800 
630 

89500 
2600 

140500 

10500 
1400 

650 
39 0 

21800 
5900 

2100 
340 

280 
280 

1000 
700 

92900 
2700 

129200 

8000 
910 

640 
380 

45000 
4000 

1900 
340 

230 
230 

780 
620 

130600 
1500 

187200 

10900 
1300 

680 
410 

$9900 
6400 

2 500 
400 

300 
300 

9 90 
800 

141700 
5100 

207100 

13200 
1900 

680 
410 

38600 
8700 

2800 
410 

340 
340 

1200 
870 

172800 
6300 

229600 

9000 
11 00 

680 
410 

61000 
5300 

2400 
390 

270 
270 

9 60 
780 

233500 
2700 

307800 

13200 
1600 

730 
450 

77000 
9500 

3600 
500 

360 
360 

1300 
1000 

291900 
12000 

388  100 

17400 
2600 

730 
450 

82900 
14200 

4900 
530 

4 10 
410 

1600 
12 00 

418000 
17 100 

525900 

10600 
1300 

720 
440 

97000 
7000 

3400 
490 

31 0 
310 

1200 
1000 

505500 
5800 

618700 
Consumption 2.8  4900  6400  7300  6000 - 9900  11900  8000  14800  18900  10800  25400  36500  16300 

NOTES: 1 )  "High"  and "Low" F o r e c a s t s  refer  t o   t h e   C o n s u m p t i v e  Water Use Cases. 
2 )  Columns may not  add  due t o   r o u n d i n g  of  sums. 
3) Due t o   s e p a r a t e  methods  employed in t h e   t a b u l a t i o n   a n d   r o u n d i n g  of d a t a   t h e r e  may b e   n e g l i g i b l e   d i f f e r e n c e s   b e t w e e n   f o r e c a s t   n u m b e r s  

i n  t h i s  T a b l e   a n d   t h e   c o r r e s p o n d i n g   n u m b e r s   a p p e a r i n g   i n   t h e  DATA SET ( S e c t i o n  11 of Annex  F). 
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t h e   u n c e r t a i n t i e s   t h a t  ex is t  i n  long-term  socio-economic  forecasts .  
U n c e r t a i n t y  by t h e  year 2000 i s  + 20  percent   and  by 2 0 3 5   i n c r e a s e s   t o  <a:1 

e x t r e n e l y   t e n u o u s  + 38 p e r c e n t .  
- 

- 
Economic a n a l y s i s   o f  t h e  e f f e c t  o f  i n c r e a s i n g   c o n s u n p t i v e   u s e s  011 Great 

Lakes   l eve ls   and   f lows  w i l l  d e t e r m i n e   t h e   b e n e f i t s   a n d  losses t o  power, 
n a v i g a t i o n   a n d   r i p a r i a n   i n t e r e s t s .  However,  presuming t h a t  a c o n f l i c t  may 
a r i s e ,  consumptive u s e  c o n s t i t u t e s  a t r a n s f e r  of wter  from  one u s e  t o  
a n o t h e r  u s e  and t h e  b e n e f i t s  o f  i t s  a v a i l a b i l i t y   m u s t  be balanced  between 
t h e   m u l t i p l e   c o n f l i c t i n g   n e e d s   a n d  demands. This  problem i s  ex t r eme ly  
complex in   long- te rm  forecas ts   because   econoi ! l ic   and   envi ronmenta l   benef i t s  
c h a n g e   r a p i d l y   i n   r e s p o n s e   t o   m u l t i p l e   s h o r t - t e r m   i n t e r a c t i v e   e v e n t s ,  
r a t h e r   t h a n   t o   l o n g - t e r m   t r e n d s .  

Consunpt ive water u s e  p ro jec t ions   wh ich  were g e n e r a t e d  i n  t h i s   a n a l y s i s  
c o n s t i t u t e   a n   e s t i m - z t e  o f  t h e  water t h a t   s o c i e t y  w i l l  demand f rom  the  Great 
Lakes   du r ing   t he   nex t  60 years. T h i s   a n a l y s i s  was u n d e r t a k e n   t o   q u a n t i f y  
e x i s t i n g   a n d   p o t e n t i a l   c o n s u m p t i v e  water u s e s   i n   o r d e r   t o   d e t e r m i n e   t h e  
systemic impact of t h e s e   s t e a d i l y   i n c r e a s i n g   f u t u r e   c o n s u : n p t i v e   u s e s  as one 
o f   t he  many h y d r o l o g i c   v a r i a b l e s .  The  prohleln  of p o t e n t i a l   i n a b i l i t y  of 
t h e   s u p p l y   t o   s a t i s f y  water demands has not   been  considered.  However, t h e  
p r o j e c t e d   t o t a l   c o n s u m p t i v e  use i s  a small p e r c e n t a g e   o f   t h e   t o t a l   f l o w  
t h r o u g h   t h e   l a k e s   s y s t e m  so t h e   p o s s i b i l i t y  of g e n e r a l  water s h o r t a g e s   i n  
t h e   b a s i n  i s  remote. 

T h i s   a n a l y s i s   p r o v i d e s  a most l i k e l y   p r o j e c t i o n   b a s e d   o n   a n t i c i p a t e d  
demands t h a t  will c o n t i n u e   t o   l o w e r   l a k e   l e v e l s ;  i t  i s  n o t  a p l an   t o   change  
them,  such a s  c o u l d   b e   a c c o m p l i s h e d   t h r o u g h   l a k e   r e g u l a t i o n ,   b u t   s u c h  
lower ing  i s  i n e v i t a b l e .  It r e m a i n s   f o r   t h e   d e c i s i o n   m a k e r   t o   e v a l u a t e   t h e  
s i g n i f i c a n c e  of p r o j e c t e d  water u s e   a n d   t o   a p p l y   t h e s e   f i n d i n g s  as 
a p p r o p r i a t e   t o   d e v e l o p m e n t  of t h e   m o s t   a c c e p t a b l e   m n a g e l n e n t   s t r a t e g y .  

6.9.4 Compar i son   w i th   In t e rna t iona l  Great Lakes  Levels  Board  Report  

T h e   I n t e r n a t i o n a l  Great Lakes  Levels   Board (IGLLB) s t u d y   c o n t a i n e d  a 
brief   overview  of   consumptive water use.  In  f a c t ,   t h e   c u r r e n t   p r o j e c t  was 
u n d e r t a k e n   t o   e x p a n d   t h e   s t u d y  of consumptive  use,  as new da ta   and  a s h i f t  
i n   a t t i t u d e s   p e r t a i n i n g   t o  Great Lakes water u s e s   h a v e   o c c u r r e d   s i n c e   t h e  
Levels   Board  report .  A m a j o r   d e v e l o p c l e n t   a r i s i n g   s h o r t l y   a f t e r   c o m p l e t i o n  
oE t h e  IGLLB s t u d y  has been   the   implerwnta t ion   of  tnanagement programs 
r e f l e c t i n g   s t r o n g   c o n c e r n s   a b o u t   t h e   e n v i r o n m e n t  and human h e a l t h   i n   t h e  
water a n d   r e l a t e d   r e s o u r c e s   f i e l d s .   T h e s e   m a s s i v e   p r o g r a m s   f o c u s   p r i m r i l y  
on the  manufactur ing  and power s e c t o r s ,  two of the   major  water u s e r s   i n   t h e  
Great Lakes   bas in .   Th i s   s ec t ion  w i l l  compare IGLLB estimates of c u r r e n t  
and   fu tu re   consumpt ive   u se   i n   t he   bas in   -x i th   t he  estimates d e v e l o p e d   i n  
t h i s   s t u d y .  The c u r r e n t  MLP i s  used as  the   bas i s -o f - compar i son ,   a l t hough  
t h e   r a n g e s  w i l l  a l so  be u s e f u l   i n   a s s e s s i n g   t h e   c o m p a r a b i l i t y  of t h e  IGLLB 
f o r e c a s t s .  The IGLLB s t u d y   p u b l i s h e d  e s t imtes  of water u s e   f o r  1965, 
1985, 2000 and  2030 s o  the   comparison i s  based  only  on  the l as t  t h r e e  
dates. In the  IGLLB report-, the municipal and rural  water uses and 
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s t o c k w a t e r i n g   s e c t o r s  a re  combined  under  the  Nunicipal-Rural  heading, 
mining water u s e  was n o t   i n c l u d e d   i n   t h e   I n d u s t r y   c a t e g o r y ,   a n d   a g r i c u l t u r e  
d i t1   no t   i nc lude   go l f   cou r ses  and p u b l i c  lands i r r i g a t i o n .  These omiss ions  
a re  e s t i m t e d   t o  amourlt t o  4 6 0 ,  570 and  800 c f s   ( c o n s u m p t i v e   u s e )   i n  1985, 
2000 and  2030, r e s p e c t i v e l y .  

T o t a l   c o n s u m p t i v e   u s e   p r o j e c t e d   t o   t h e  year 2030 i n   t h e  IGLLB r e p o r t  
is 1 3 , 4 8 0   c f s   ( T a b l e  6 - 4 ) .  I n   t h e   f o u r   s e c t o r s   i d e n t i f i e d   i n   t h a t   s t u d y ,  
d i f f e r e n c e s   b e t w e e n   r e s u l t s   r a n g e   f r o m  3 3  p e r c e n t   t o   1 3 6   p e r c e n t   b u t   t h e  
t o t a l  i s  61   pe rcen t  of t h e   2 2 , 0 8 0   c f s   t h a t  i s  c u r r e n t l y   p r o j e c t e d   t o   b e  
consumed  from  the  Great  Lakes  basin i n  t h e   y e a r  2030 o r  65   pe rcen t  a f t e r  
i n c l u s i o n  of comparable water uses .  

The IGLLB pro jec t ion   approximates   the   lower   boundary  of t h e   e n v e l o p e  
o f   p ro j ec t ions   wh ich  were d e v e l o p e d   f o r   t h e   p r e s e n t   s t u d y  as  could be 
e x p e c t e d   i n  a p r o j e c t i o n  tilade p r i o r   t o   i m p l e r s n t a t i o n  of e n v i r o n w n t a l  
c o n t r o l s .  
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Table 6-4 COMPARISON OF WATER CONSUMPTION REPORTED I N  THE 
IGLLB STUDY WITh THE PRESENT  STUDY ( c f s )  

Power A g r i c u l t u r e  I n d u s t r y  Municipal-Rural T o t a l  
IGLLB IDCUB IGLLB IDCUB IGLLB IDCUB IGLLB IDCUB IGLLB IDCUB 

U.S. 

1965  150 

1985  340  830 

2000  720  2720 

2030  1860  8810 

Canada 

1965  30 

1985  550  140 

2000  750  310 

2030  1390  1320 

T o t a l  

1965  180 

1985  890  970 

2000 1470 3030 

2030  3250  10130 

- 
100 

120 

150 

210 

45 

70 

90 

170 

145 

190 

240 

380 

380 

500 

750 

110 

130 

220 

490 

630 

970 

560 

1170  3060 

2060  4360 

6390  7390 

100 

160  340 

210  610 

390  1730 

660 

1330  3400 

2 2 7 0  4970 

6780  9120 

IGLLB - I n t e r n a t i o n a l  Great Lakes Levels Board 

1070 

1330 

1620 

2440 

220 

290 

370 

630 

1290 

1620 

1990 

3070 

1880 

1210  2960  5480 

1340  4550  8460 

1640  10900  18200 

395 

310  1070  900 

380  1420  1430 

610  2580  3880 

227  5 

1520  4030  6380 

1720  5970  9890 

2250  13480  22080 

I D C U B  - I n t e r n a t i o n a l  Great Lakes  Diversions  and  Consumptive Uses Study  Board. 
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S e c t i o n  7 

DEVELOPMENT OF 
DIVERSION MANAGEMENT  SCENARIOS 

7.1 General  

The word "Diversion" as employed  herein  means: 

"A t r a n s f e r  of water e i t h e r   i n t o   t h e  Great Lakes 
watershed  from  an  adjacent  watershed,  e.g.  , t h e  Ogoki 
and   Long  Lac   Divers ions ;   f rom  wi th in   the  Great Lakes 
watershed   in to   an   ad jacent   watershed ,   e .g . ;   the   Lake  
Michigan  Diversion a t  Chicago; or f rom  the  watershed  of  
one Great L a k e   i n t o   t h a t  of another ;   e .g . ,   the   Welland 
Canal. A l l  such   d ive r s ions  are by means of channels  
c o n t r o l l e d  by man-made s t r u c t u r e s .  " 

T r a d i t i o n a l l y ,   d i v e r s i o n s   i n t o ,   w i t h i n ,   a n d   o u t  of the  system  have 
been a t  a rate r e q u i r e d   t o   s a t i s f y   t h e   n e e d s   € o r   w h i c h   t h e y  were 
e s t a b l i s h e d ,   w i t h  l i t t l e  cons ide ra t ion   g iven   t o   impac t s   on   o the r   u se r s  oE 
the  system. To address   the   Reference ,   the   Board   deve loped  a computer model 
of the  system  which  would: 

( 1 )   p e r m i t   e v a l u a t i o n   ( h y d r o l o g i c a l l y )  of t h e   c u r r e n t  rates; 
and ,  

( 2 )  p e r m i t   e v a l u a t i o n   ( h y d r o l o g i c a l l y )  of p o s s i b l e   v a r i a t i o n s   i n  
these  rates;  t h a t  i s ,  t h e   e f f e c t  of d i v e r s i o n s  on l ake   l eve l s   and   ou t f lows  
had   the   d ivers ions   been  a t  rates d i f f e r e n t   t h a n   t h o s e   s p e c i f i e d   u n d e r   t h e  
"basis-of-comparison. " The e f f e c t  o f   vary ing   d ivers ion  rates was e v a l u a t e d  
o v e r   t h e   f u l l   r a n g e  of water s u p p l i e s   ( p r e c i p i t a t i o n  and i n f l o w s )  
e x p e r i e n c e d   d u r i n g   t h e   p e r i o d  1900-1976. 

Documentation of t he   hydro log ic  model is  conta ined  i n  Appendix B 
e n t i t l e d  "Computer  Models-Great  Lakes." This   appendix   can  be o b t a i n e d   i n  
t h e   U n i t e d   S t a t e s   f r o m   t h e   D e t r o i t  District, Corps  of  Engineers  and i n  
Canada  from  the  Inland Waters Direc tora te ,   Federa l   Depar tment  of t h e  
Environment, Ottawa, Ontario.  

7.2 Development of  Management S c e n a r i o s  

In   the  development  of a l t e r n a t i v e   d i v e r s i o n  management s c e n a r i o s ,   t h e  
Board  considered the needs of t h e  users of t h e  Great Lakes. Concern was 
p r imar i ly   focused  on t h e   p o s s i b i l i t y  of a l l e v i a t i n g   e x t r e m e   h i g h   w a t e r  
l e v e l s .  
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However, c o n s i d e r a t i o n  was a l s o   g i v e n   t o   a l l e v i a t i n g   e x t r e m e   l o w   l e v e l  
c o n d i t i o n s .  In  g e n e r a l   t h e   d e s i r e  was to   lower   and   reduce   the   f requency   of  
h i g h   l e v e l s   t o   b e n e f i t   t h e   " C o a s t a l  Zone" o r   s h o r e l i n e   i n t e r e s t s ,   w h i l e  
m a i n t a i n i n g  as n e a r  as p o s s i b l e   t h e  mean and minimum l e v e l s   t o   m i n i m i z e   t h e  
impact on the   nav iga t ion   and  power i n t e r e s t s .  The development of t h e  
management s c e n a r i o s   p r o c e e d e d   i n  two phases:  

(1) de te rmina t ion   o f  maximum and minimum f l o w  limits f o r   e a c h  of t h e  
e x i s t i n g   d i v e r s i o n s ,   c o n s i s t e n t   w i t h   p a s t   e x p e r i e n c e   a n d   w i t h i n   p r e s e n t  
p h y s i c a l   c a p a c i t i e s ;   a n d ,  

(2 )  d e t e r m i n a t i o n  of a n   i n d i c a t o r   t o   s i g n a l  when a change i n   t h e  
d i v e r s i o n  ra te  should  occur .  

7.2.1 L i m i t s  of E x i s t i n g   D i v e r s i o n s  

The f i r s t   p h a s e  of t h e   i n v e s t i g a t i o n   i n d i c a t e d   t h e   f o l l o w i n g :  

a. Long Lac/Ogoki  Diversions.  

(1) It  i s  p h y s i c a l l y   p o s s i b l e   t o   r e d u c e   t h e   d i v e r s i o n  of water 
from t h e  Albany  River   watershed  into  the  Lake  Superior   drainage  basin  to  
z e r o   d u r i n g   p e r i o d s  of h i g h  water s u p p l y   t o   t h e  Great Lakes .   In   f ac t ,  a s  
n o t e d   i n   S e c t i o n  4 ,  d u r i n g   t h e   r e c o r d e d   h i s t o r y  of t h e s e   d i v e r s i o n s   t h e  
Ogoki   Diversion  has   been  completely  c losed.  

( 2 )  A review of t h e   m e t e o r o l o g i c a l   c o n d i t i o n s  of the  Albany 
R i v e r   w a t e r s h e d   i n d i c a t e s   t h a t   d u r i n g   p e r i o d s  of low water s u p p l y   t o   t h e  
Great Lakes  system  the  Albany  River   watershed  experiences similar 
c o n d i t i o n s ;   h e n c e ,  i t  i s  n o t   p o s s i b l e   t o   i n c r e a s e   t h e   f l o w   t h r o u g h   t h i s  
sys t em  du r ing   pe r iods  of low water supply   on   the  Great Lakes. 

For   the   purposes  of t h i s   s t u d y ,   o n l y  a r e d u c t i o n   i n  water s u p p l y   t o  
the  Great   Lakes  system was cons idered .  To b r a c k e t  t he  v a r i o u s  
p o s s i b i l i t i e s ,  two a l t e r n a t i v e   r e d u c t i o n   s c e n a r i o s  were s e l e c t e d   f o r  
e v a l u a t i o n :  a r e d u c t i o n   i n   t h e   b a s i s - o f - c o m p a r i s o n  ra te  of 5 , 0 0 0   c f s   t o  
2,500  cf s and a comple t e   r educ t ion   t o   ze ro .  

b. Lake  Michigan  Diversion a t  Chicago. A r e v i e w   o f   t h e   h i s t o r i c  
r e c o r d s   o f   t h i s   d i v e r s i o n   i n d i c a t e s   t h a t  a t  one time an   annua l   ave rage   o f  
up   to  10,000 cf s had been  discharged  through  the  system.  Moreover,   during 
p e r i o d s  of low l o c a l   i n f l o w s   t h e   p h y s i c a l   c a p a c i t y  of the  system  would 
permit maximum a v e r a g e   d a i l y   d i s c h a r g e s  of approximately  12,000  cf  s .  
However,  computer  modelling of t h e   s y s t e m   i n d i c a t e s   t h a t   t h i s   f l o w   c a n n o t  
b e   c o n t i n u a l l y   d i v e r t e d ,   d u e   t o   v a r i o u s   n a t u r a l  phenomena  and t h e   n e c e s s i t y  
f o r   c o n s t r a i n i n g   t h i s  release wheneve r   bankfu l l   o r   nea r   bankfu l l   cond i t ions  
e x i s t  on t h e   I l l i n o i s  Waterway. Because of t h e s e   c o n s t r a i n t s ,   t h e   a v e r a g e  
annua l   d ive r s ion   wou ld   approx ima te   8 ,700   c f s ,   w i th  a m o n t h l y   d i s t r i b u t i o n  
a s  shown i n  Table 7-1. Based on t h i s   i n f o r m a t i o n  and t h e   d e s i r e   t o  
e n c o m p a s s   t h e   v a r i o u s   p o s s i b i l i t i e s ,   a n o t h e r  two s c e n a r i o s ,   i n   a d d i t i o n   t o  
t h e   p r e s e n t   3 , 2 0 0   c f  s, were s e l e c t e d   f o r   e v a l u a t i o n ;  i .e . ,  i n c r e a s e s   t o  
annua l   ave rages  of 6,600 and  8 ,700   c fs .  
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Table 7-1 
L A U  M I C H I G A N  DIVERSION AT CHICAGO 

MONTHLY DISTKIBUTION OF MAXIMUM FLOWS 
(IN CFS) 

8,000 
6,900 
6,600 
5,7 00 
5,800 
7,600 
8,600 

11,800 
11,800 
10,400 
10,700 
10,200 

8,7 00 

A s  i n   t h e  case of t h e  Long Lac /Ogok i   D ive r s ions ,   cons ide ra t ion  was 
a l s o   g i v e n   t o   d e c r e a s i n g   t h e   d i v e r s i o n   d u r i n g   p e r i o d s  of low water s u p p l y  
t o   t h e  Great Lakes system. However, a s  n o t e d   i n   S e c t i o n   4 ,  since t h i s  
water i s  u s e d   f o r   d o m e s t i c   a n d   s a n i t a r y   p u r p o s e s ,  i t  i s  n o t   p r a c t i c a l   t o  
r e d u c e   t h i s   d i v e r s i o n   f r o m  i t s  p r e s e n t  ra te  (3,200 c f s )  b y   a n y   s u b s t a n t i a l  
amoun t .   In   sp i t e  of t h e   i m p r a c t i c a l i t y  of a r e d u c e d   d i v e r s i o n ,   t h e  
d i v e r s i o n ' s   z e r o  case was h y d r o l o g i c a l l y   e v a l u a t e d   ( S e c t i o n  8 ) .  

c.  Welland  Canal .   During  the  per iod  1950  through  1976,   the  average 
a n n u a l  ra te  of t h i s   d i v e r s i o n  was abou t   7 ,600   c f s ,   w i th  a maximum a n n u a l  
ra te  of 9 ,200 c f s   (occu r r ing   i n   1976) .   Fo r   t he   has i s -o f - compar i son   t he  
v a l u e  of 7,000 c f s  was adopted as  the   ave rage   annua l   d ive r s ion .   S tudy   o f  
t h e   c a n a l ' s   o p e r a t i o n  showed t h a t   t h e  maximun mon th ly   d i scha rge   (w i th  
e x c e p t i o n s   i n  1976)  was abou t  9,000 c f s ,   b e c a u s e  of e r o s i o n   a n d   n a v i g a t i o n  
p rob lems   caused   by   h igh   cu r ren t   ve loc i t i e s .   Hence   9 ,000   c f s  was adopted as 
t h e  Inaximum a n n u a l   d i s c h a r g e .  However, s ince   1976 ,   i nc reas ing   demands   fo r  
water f o r  power  generat ion  and  navigat ion  have  caused  the  average  annual  
d i v e r s i o n  rate to   exceed   9 ,000   c f s .  To provide   the   needed  water, t h e   S t .  
Lawrence  Seaway  Authori ty   decided  to  release as much as 1 0 , 0 0 0   c f s   d u r i n g  
months  of  peak demand. Recognizing  that   10,000 cfs  cannot   be   d i scharged  
a l l  t h e  time due to   d i s rup t ions   t o   sh ipp ing   and   ma in tenance   work ,   t he  
f i g u r e   o f   9 , 4 0 0   c f s  was de te rmined   t o  be t h e  maximum ave rage   annua l   f l ow 
€ o r   t h e   c a n a l   i n   t h e   f u t u r e .  

C o n s i d e r a t i o n  was a l s o   g i v e n   t o   r e d u c i n g   t h e   f l o w   d u r i n g   p e r i o d s  of 
low water. Recogn iz ing   t ha t  i t  i s  no t  p rac t ica l  t o   c o n s i d e r   s h u t t i n g   o f f  
t h e   d i v e r s i o n   c o m p l e t e l y   c u t t i n g   o f f  a l l  n a v i g a t i o n ,   d i l u t i o n ,   m u n i c i p a l  
and i n d u s t r i a l  water s u p p l i e s ,   t h e  case of s h u t t i n g  down t o   2 , 6 0 0   c f s  
( e n o u g h   t o   m a i n t a i n   f u l l   n a v i g a t i o n   o p e r a t i o n  and water s u p p l i e s )  was 
adop ted   fo r  a scenario  which  would  be  evaluated  economical ly .  However, t h e  
case of z e r o   d i v e r s i o n  has been   eva lua ted   hydro log ica l ly .  
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d. New York State   Barge  Canal   System. As n o t e d   i n   S e c t i o n  4 ,  t h i s  
d i v e r s i o n  i s  f rom  the   N iaga ra   R ive r ,   w i th   t he   wa te r   r e tu rned   t o   Lake  
O n t a r i o   a t   v a r i o u s   p o i n t s .  The New York S t a t e  Barge  Canal  cannot  be  used 
for   reducing   Lake  Erie levels ,  because i t s  e n t r y   l o c a t i o n  is downstream  of 
t h e   n a t u r a l   h y d r a u l i c   c o n t r o l   s e c t i o n  of the   Niagara   River .   Therefore ,  no 
c o n s i d e r a t i o n  was g iven   to   the   use  of t h i s   c a n a l   t o   m o d i f y   t h e   l a k e   l e v e l  
reg imes .   Curren t ly ,   the  amount of water d ive r t ed   t h rough   t he   cana l  
averages   about   700   c fs ,   wi th  a maximum f low  du r ing   t he   nav iga t ion   s eason   o f  
1 ,100   c fs .  

7.2.2 Ind ica to r   fo r   Chang ing   D ive r s ion   Ra te s  

The  second  phase of t h e   i n v e s t i g a t i o n   c o n s i s t e d  of the  development  of 
an i -ndica tor   which   could  be u s e d   t o   s i g n a l  when a change i n   t h e   d i v e r s i o n  
r a t e   s h o u l d   o c c u r .  Two i n d i c a t o r s  were s t u d i e d  and eva lua ted  as p o s s i b l e  
t r i g g e r s :  (1) l a k e   l e v e l   a n d   ( 2 )  water supply.   Figure 7-1 g i v e s  a 
comparison of t h e s e  two i n d i c a t o r s   o v e r   t h e   p e r i o d   1 9 6 0   t o  1970.  The  upper 
curve shows the  Lakes  Plichigan-Huron water l e v e l  and the  lower  curve  shows 
t h e   n e t   h s i n   s u p p l y  (NBS), i.e. , t h e   n e t  water supp ly   con t r ibu ted   t o   t he  
l a k e s   f r o m   t h e i r  own bas ins .   Bo th   i nd ica to r s   have   been   p lo t t ed  a s  12-month 
moving mans. Shown a l s o  is  the   l ong  term (1900-1976) mean va lue   for   each .  
V a r i o u s   l e v e l s   f o r   t u r n i n g   t h e   d i v e r s i o n s  on and  off were s t u d i e d ;   t h e  mean 
v a l u e  was s e l e c t e d .  Water supply was found   t o   be   t he   be t t e r  of t h e  two 
i n d i c a t o r s ,   b e c a u s e  i t  permits   an ear l ie r  change i n   d i v e r s i o n   r a t e s  I n  a 
r i s i n s   l a k e   s i t u a t i o n  and  an earlier r e tu rn   t o   t he   bas i s -o f - compar i son  
rates I n  a f a l l i n g   l a k e   l e v e l   s i t u a t i o n .  The d ivers ion   impact   on  maximum 
l a k e   l e v e l   c o n d i t i o n s  i s  thus  maximized, while the   impac t   on   t he  mean and 
mininlnn l a k e   l e v e l s  -is tempered. It i s  a l so  i n d i c a t e d   t h a t   t h e   u s e  of t h e  
water  supply  to  Lakes  Michigan-IIuron,  which i s  not   only  the  major  water 
s u p p l i e r   t o   t h e   l o w e r   p o r t i o n  of t he   sys t em,   bu t   a l so   t he   bas in  that 
receives t h e   g r e a t e s t   l o c a l   s u p p l y ,  i s  a more respons ive  and t imely 
i n d i c a t o r .  The use  of a 121nontk moving mean permi ts  a c o n s e r v a t i v e  
response   dur ing  a changing   supply   s i tua t ion .  

7 .3   D ive r s ion   Scena r ios  

To cove r   t he   en t i r e   spec t rum of p o s s i b l e   v a r i a t i o n s  in t h e   d i v e r s i o n  
rates and   to   cover   the   in format ion   reques ted  in t h e   R e f e r e n c e   t o   t h e  
Governmen t s ,   t he   fo l lowix   d ive r s  ion s c e n a r i o s  were developed. 

7.3.1 Ex i s t ing   (1976)   D ive r s ion   Scena r ios  

The  Reference  requested  the  Roard  to  examine  into and r e p o r t  upon t h e  
e f f e c t  of t h e   e x i s t i n g   d i v e r s i o n s   w i t h i n   t h e   s y s t e m .  To accompl i sh   t h i s  
p o r t i o n  of t he   s tudy ,   fou r   s cena r ios  were developed,  which remove t h e s e  
e x i s t i n g   d i v e r s i o n s   ( s e e   S e c t i o n  4 )  t o t a l l y  f rom  cons ide ra t ion  as a p o r t i o n  
o f  ~mte r  supply.  The f i r s t   t h r e e   s c e n a r i o s   d e a l t   w i t h   t h e   d i v e r s i o n s  
ind iv idua l ly   and   i nvo lved   t he   r educ t ion  of each of t he   d ive r s l tons   t o   ze ro  
from t h e i r  programwd rate. The f o u r t h   s c e n a r i o   i n v o l v e d   t h e   r e d u c t i o n  of 
a l l  of t h e   e x i s t i n g   d i v e r s i o n s  t o  ze ro   s imul t aneous ly .   These   s cena r ios ,  
incll1dr.d i n  F i g u r e  7-2, have   been   eva lua ted   ove r   t he   h i s to r i c  water supply 
period  (1900-1976). 
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7.3.2  Management S c e n a r i o s  

I n   p r o v i d i n g  data t o  "asscss t h e   e f f e c t s  of va ry ing   t he  rates of t h e  
e x i s t i n g   d i v e r s i o n s ,   d u r i n g   p e r i o d s  of ex t r eme   l eve l s  on t h e  Great Lakes," 
36 d i v e r s i o n  management s c e n a r i o s  were developed. They were chosen   to  
encompass  the f u l l   r a n g e  of f lows  over   which  the  divers ion rates could   be  
a l t e r e d   w i t h o u t   c h a n g e   t o   t h e   p r e s e n t   p h y s i c a l   c a p a c i t i e s  of t h e   d i v e r s i o n  
f a c i l i t i e s .  The s e l e c t e d   v a r i a t i o n s   ( s e e   F i g u r e  7-2) were s t u d i e d   s i n g l y  
and   in   var ious   combina t ions .  Each was eva lua ted  Over t h e   h i s t o r i c  water 
supply  per iod  (1900-1976);   35  scenarios   a l tered  the.   d ivers ion  ra te   whenever  
t h e  water supply  to  Lakes  Michigan-Huron was above  normal;   and  one  altered 
t h e  rate whenever   tha t   supply  was below  normal  (Long  Lac/Ogoki - 5 ,000   c f s ,  
Lake  Michigan  Diversion a t  Chicago - 3,200;  and  Welland  Canal - 2,600  c fs ) .  
The l a t t e r  case was developed  to   determine  the  impact  of a r e d u c t i o n   i n  
Welland  Canal  f low  to  support  low l e v e l s   i n   t h e   u p p e r   p o r t i o n  of t h e  
system. The l eve l s   and   f l ows   r e su l t i ng   f rom  each  of these  tests, o v e r   t h e  
h i s t o r i c   p e r i o d ,  are p resen ted   i n  Annex G. 

7 .3 .3   Sens i t i v i ty   Scena r ios  

S e c t i o n  5 documen t s   t he   s e l ec t ion  of the   s tudy   per iod  and t h e  
e s t a b l i s h m e n t  of a basis-of-comparison.  In  the  development of t h e  
bas i s -o f - compar i son   ea r ly   i n   t he   s tudy ,   cons t an t  Long Lac/Ogoki  and  Welland 
Canal   Diversion rates of 5 ,000   and   7 ,000   c f s ,   r e spec t ive ly ,  were employed. 
These  flows  which were a l so  s e l e c t e d  by t h e   I n t e r n a t i o n a l  Great Lakes 
Levels Board i n   c a r r y i n g   o u t  i t s  s t u d i e s ,  are the  approximate  averages 
wh ich   ex i s t ed   ove r   t he   r ecen t   h i s to r i c   pe r iod   t h rough  1976.  However, a 
review of t h e   d i v e r s i o n s   t h a t   h a v e   a c t u a l l y   o c c u r r e d   t o   t h e   e n d  of 1979  has  
i n d i c a t e d   t h a t   t h e  Long  Lac/Ogoki  Diversions  have  averaged  5,600 cfs s i n c e  
t h e i r   i n c e p t i o n ,   a n d   t h e   p r e s e n t   a n n u a l   d i v e r s i o n  down the  Welland  Canal 
a v e r a g e s   a b o u t   9 , 2 0 0   c f s   w i t h  a maximum r a t e  of a b o u t   9 , 4 0 0   c f s   e x p e c t e d   i n  
t h e  near f u t u r e .   T h e s e   i n c r e a s e s   i n  rates are due i n   p a r t   t o   t h e   h i g h  
water s u p p l i e s  that  have   genera l ly   ex is ted   th roughout  the  r e g i o n   i n   t h e  
1970s  and  the demand of c e r t a i n  management and   con t r ac tua l   dec i s ions   wh ich  
have  been  implemented. To eva lua te   t he   impac t  of these   hydraul ic   changes ,  
t h r e e   a d d i t i o n a l   s c e n a r i o s  were developed   which   re f lec t   these   changes .  
These   scenar ios  are a l s o  shown i n   F i g u r e  7-2 and have  been  evaluated  over 
t h e  1900-1 97 6 per iod.  
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S e c t   i o n  8 

E VALUAT ION OF 
UIVEKSION MANAGEMENT SCEMRIOS 

AND 
CONSUMPTIVE USES .PROJECT CONS 

8.1 Genera l  

I n  i t s  " D i r e c t i v e " ,   t h e  I52 r eques t ed   t he   Boa rd  t o  examine  and  report  
hydrologic ,   economic and e n v i r o n m e n t a l   e f f e c t s   i n   r e l a t i o n   t o :  

d o ~ n e s t i c  water supply and s a n i t a t i o n ;  
n a v i g a t i o n ;  
water supp ly   fo r   power   gene ra t ion   and   i ndus t r i a l   pu rposes ;  
a g r i c u l t u r e ;  
s h o r e   p r o p e r t y ,   b o t h   p u b l i c  and p r i v a t e ;  
f l o o d   c o n t r o l ;  
f i s h  and w i l d l i f e ,  and other   envi ronmenta l  aspects; 
p u b l i c   r e c r e a t i o n ;   a n d ,  
s u c h   o t h e r  mtters  as the  Commission m y   i n d i c a t e   t o   t h e   h a r d  
d u r i n g   t h e   c o u r s e  of the   s tudy .  

In   responding   to   the   "Direc t ive"   the   Board   deve loped   techniques   which  
would  broadly  encompass  the  impacts  on t h e   a b o v e   i n t e r e s t s .   O u t l i n e d   i n  
t h e   f o l l o w i n g   s e c t i o n s  i s  a b r i e f  summary of t h e   a p p r o a c h   e m p l o y e d   i n   t h i s  
s t u d y  and i n   t h e   e v a l u a t i o n s  of s e l ec t ed   d ive r s ion   mnagemen t   s cena r ios   and  
t h e   h y d r o l o g i c   e v a l u a t i o n  of consumpt ive   u se   p ro j ec t ions .  

8.2 Hydrologic  Methodology 

The  two p r imary   hydro log ic   f ac to r s   t o   be   eva lua ted  are l a k e   l e v e l s   a n d  
ou t f lows .   Ana lys i s  of t h e s e   f a c t o r s   i n c l u d e s   c o n s i d e r a t i o n  of t h e  maximum, 
mean and minimum monthly  values ,  and r a n g e ,   d u r a t i o n   a n d   s e a s o n a l  
d i s t r i b u t i o n .   V a r i o u s   h y d r o l o g i c   c r i t e r i a  were d e v e l o p e d   f o r   e v a l u a t i o n  
purposes .  The e v a l u a t i o n   i n v o l v e s   t h e   d e t e r m i n a t i o n  O€ t he   deg ree   t o   wh ich  
t h e   d i v e r s i o n   m n a g e m e n t   s c e n a r i o s  and the  consumptive u s e  p r o j e c t i o n s  meet 
t h e s e   h y d r o l o g i c  cr i ter ia .  Th i s   i nvo lves  a comparison  between  the  changed 
regime and the  basis-of-comparison data. 

8 .3  Economic  Methodology 

The m j o r  e c o n o m i c   i n t e r e s t s   a f r e c t e d  by v a r i a t i o n s   i n   l e v e l s  of t h e  
Great Lakes f a l l   i n t o   f o u r   g e n e r a l   g r o u p s :  (1)  c o a s t a l   z o n e ,  ( 2 )  beaches 
and   boa t ing ,  ( 3 )  hydro-electr ic   power,   and ( 4 )  nav iga t ion .   The   t echn iques  
f o r   e v a l u a t i o n  of economic  impacts on t h e s e   i . n t e r e s t s  were developed by t h e  
I n t e r n a t i o n a l   L a k e  Erie R e g u l a t i o n   S t u d y   B o a r d   f o r   u s e   i n   b o t h   t h i s   s t u d y  
and i t s  own s tudy.  
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I n  e v a l u a t i n g   t h e   e f f e c t s  on t h e s e   i n t e r e s t s ,   a v a i l a b l e   i n f o r m a t i o n  
and   t echn ica l   da t a  were used as much as p o s s i b l e .   S i n c e   a n y   e v a l u a t i o n  i s  
dependent  on the   accu racy  of the   i npu t   da t a ,   an   examina t ion  of t h e  basic 
d a t a  was conducted. Data d e f i c i e n c i e s  and l i m i t a t i o n s  were i d e n t i f i e d .  
Where no d a t a   e x i s t e d ,  as i n   t h e  case of recrea t iona l   beach   and   boa t ing  
f a c i l i t i e s ,   s u r v e y s  were c o n d u c t e d   i n   s e l e c t e d   p a r t s  of t h e   s y s t e m   f o r  
c o l l e c t i n g   t h e   n e c e s s a r y  data. 

A d d i t i o n a l l y ,   i n   o r d e r   t o   d e t e r m i n e   t h e   i m p a c t  on the   economic  results 
caused by v a r i a t i o n s   i n   t h e   m a j o r   a s s u m p t i o n s ,   s e n s i t i v i t y   a n a l y s e s  were 
conducted.   These  analyses  are p resen ted  i n  d e t a i l  i n  t h e   a p p e n d i c e s  of t h e  
I n t e r n a t i o n a l   L a k e  Erie Regulation  Study  Board ( ILERSB)  and are d e s c r i b e d  
b r i e f l y  below. 

8 .3 .1   Coas ta l  Zone 

P r o p e r t i e s   w i t h i n   t h e   c o a s t a l   z o n e  are  s u b j e c t   t o  two b a s i c   t y p e s  of 
damage;   inundat ion  ( f looding)   and  erosion.   Inundat ion  damages  vary  with 
the   s to rmwate r  level,  t h i s   b e i n g  the s t i l lwater  l eve l  p lus   t he   supe r imposed  
wind-genera ted   s tormwater   ( temporary)  rise a t  a s p e c i f i c   l o c a t i o n .   E r o s i o n  
was assumed  to vary d i r e c t l y   w i t h   t h e   i n t e n s i t y  of wave ene rgy   r each ing   t he  
t o e  of t h e   s h o r e l i n e   b l u f f .  

8.3.1.1 Inunda t ion  

The methodology  used t o   e v a l u a t e   i n u n d a t i o n   d i f f e r s   f r o m   p r e v i o u s  
s t u d i e s  i n  t h a t   u l t i m a t e  water l e v e l s   ( s t i l l w a t e r   p l u s   s t o r m w a t e r   s e t u p )  
were used as an  index  of inunda t ion   damages .   Fo r   t he   Un i t ed   S t a t e s   coas t a l  
zone,  damage data were based on t h e   s u r v e y  of the   fou r   yea r   pe r iod   f rom 
Labor  Day,  1972, t o  Labor  Day,  1976. Damage d a t a   f o r   t h e   C a n a d i a n   p o r t i o n  
o f  t h e  Great Lakes were based on the  Canada-Ontar io  Great Lakes   Shore  
Damage Survey ,   cove r ing   t he   pe r iod  November 1972 t o  November 1973.  For t h e  
Quebec p r t i o n  of t he   S t .   Lawrence   R ive r ,   1974   and   1976   i nunda t ion   even t s  
were used  as t h e  basis f o r  inundat ion  damage data .   Monies  s p e n t  o n  
c o n s t r u c t i o n  of new p r o t e c t i v e  works t o   p r e v e n t   o r  a l l e v i a t e  i n u n d a t i o n  
damages were n o t   i n c l u d e d  in t h e  damage d a t a   u t i l i z e d .  

Stormwater  stage-damage  curves were developed and c a l i b r a t e d  
based on the   r eco rded   s to  rmwater l e v e l s  of the  survey  per iods  and known 
damages. I n  deve lop ing  a r e l a t ionsh ip   be tween   s to rmwate r   l eve l s   and  
damages, it was assumed t h a t   t h e  st i l lwater l e v e l  and   s torm  se tup ,   ac t ing  
i n d e p e n d e n t l y   o r  i n  combinat ion,  are capable   o f   p roducing  damage t o   t h e  
c o a s t a l   z o n e .  In other   words,   even a t  b e l o w   a v e r a g e   l a k e   l e v e l s ,   s e v e r e  
s torms  can  cause  inundat ion  damages.  A t  above   ave rage   l ake   l eve l s ,  a s m a l l  
s t o r m  can a l s o  damage t h e   c o a s t a l  zone. Damages i n  any o n e   m n t h  may be 
caused  not o n l y  by a once-a-month   s tormwater   l eve l ,   bu t   a l so  by o t h e r   l o w e r  
l e v e l s   d u r i n g   t h e   m n t h .  Thus, t h e   s t o r m w a t e r   l e v e l s  are only  an  index  of  
damage poten t ia l .   Es t imated   inundat ion   damages  were d e r i v e d   f o r   e a c h  month 
o f  t h e  year and summed to   ob ta in   an   annua l  damage. Average  annual  damages 
were based on the annua l  damages ove r  a pe r iod  of time. 
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In eva lua t ing   t he   Quebec   po r t ion  of t h e  S t .  Lawrence  River, i t  
was necessary  t o  take i n t o   a c c o u n t   t h e   e f f e c t s  of l o c a l   i n f l o w   a n d  Ottawa 
River   in f low  to   the   Montrea l   reg ion .  The outf low  f rom  Lake  Ontar io ,   the  
l o c a l   i n f l o w ,   a n d   t h e  Ottawa River   f low were assumed t o  be independent  of 
one  another.  Average  annual  damages were based on t h e   c a n b i n d   p r o b a b i l i t y  
of t hese   even t s .  

8.3.1.2 Erosion 

The methodology  used t o  e v a l u a t e   e r o s i o n  damages u t i l i z e s  a "wave 
energy"   t echnique   in   the   deve lopment  of stage-damage  curves. Wave energy 
i s  c o n s i d e r e d   t o  be t h e  main f a c t o r  i n  caus ing  damage t o   s t r u c t u r e s   a n d  
l o s s  of land  through  erosion.   Using  the wave climate, mean beach  slope  and 
t h e   e l e v a t i o n  of t h e   b l u f f   t o e   a b o v e  a r e f e r e n c e   l e v e l ,  an index  of damage 
was determined.  This  index,  computed on each   r each   fo r   each  month, was 
used to   conver t   s tage-energy   curves   to   s tage-damage   curves .  

Fo r   t he   Un i t ed   S t a t e s ,   t he   e ros ion  damages u t i l i z e d  were based  on 
t h e  same damage survey as the   i nunda t ion  damages. For   the   Canadian   por t ion  
of t h e  Great L a k e s ,   p o t e n t i a l   f u t u r e  damages were based  upon h i s t o r i c  
e r o s i o n  rates and shore   p rope r ty   va lues .  

S i n c e   t h e r e  would  be a dec rease   i n   t he   f r equency   o f   occu r rence  of 
h igh   f l ows   i n   t he   S t .   Lawrence   R ive r ,   ( t o  a varying  degree  under  a l l  
c o n d i t i o n s   e v a l u a t e d   h e r e i n ) ,   t h e r e   w o u l d   b e  a d e c r e a s e   i n   e r o s i o n  damages. 
This would  somewhat i n c r e a s e   t h e   o v e r a l l   b e n e f i t s  t o  t h e   c o a s t a l   z o n e  
i n t e r e s t s .  However, t h e r e  were i n s u f f i c i e n t   d a t a   t o   q u a n t i t a t i v e l y  
e v a l u a t e   t h e   i m p a c t  of t h i s   r e d u c t i o n   i n  damages. 

There are s e v e r a l   m a j o r   f a c t o r s   w h i c h   i n f l u e n c e   t h e   c o a s t a l   z o n e  
eva lua t ion .   These   f ac to r s   i nc lude   sho re l ine   deve lopmen t ,   i nc reas ing   va lue  
of   a l ready  developed  coastal   zone  propert ies   and  assumed  wear-off  rate. In 
t h i s   s t u d y ,  i t  was assumed tha t   t he re   wou ld   be   no   fu tu re   deve lopmen t  of 
p r e s e n t l y   u n d e v e l o p e d   l a n d ,   d u e   t o   t h e   i n s t i t u t i o n   o f   s h o r e l a n d  management 
i n  Canada  and  the  United States. Also,  i t  was assumed t h a t   t h e r e   w o u l d   b e  
no i n c r e a s e   i n   t h e   v a l u e  of a l r eady   deve loped   coas t a l   zone   p rope r t i e s .  The 
b e n e f i t s ,   a c c r u i n g  as a result of a r e d u c t i o n   i n   e r o s i o n  due to   lowered 
mean l a k e  levels ,  were assumed t o   c o m p l e t e l y  wear o f f   a f t e r  50 y e a r s .  This 
i s  b e c a u s e   e r o d i b l e   s h o r e l i n e s  will, o v e r  a per iod  of time, a d j u s t   t o  a 
change   in  mean water l e v e l .   W i t h i n   t h i s   p e r i o d ,   s h o r e l i n e   a c t i v i t i e s  are 
expec ted   to  come i n t o   e q u i l i b r i u m   w i t h   c h a n g i n g  mean water l e v e l s ,  
r e s u l t i n g  i n  a r educ t ion   and   even tua l   e l imina t ion  of t h e   e f f e c t s  of t h e s e  
changes. 

D i f f e r e n t   a s s u m p t i o n s  were made i n   a s s e s s i n g   t h e   s e n s i t i v i t y  of 
t h e s e   f a c t o r s .  Under t h i s   s e n s i t i v i t y   a n a l y s i s ,  i t  is  assumed that 
shore l ine   deve lopmen t  and p rope r ty   va lues  i n  t h e  U.S. coas t a l   zone  will 
i n c r e a s e ,   a n d   t h e r e f o r e   t h e s e   f a c t o r s  were t a k e n   i n t o   c o n s i d e r a t i o n .  
However,  they were not   considered f o r  the   Canadian   coas ta l   zone ,   because  
e x i s t i n g   s h o r e l i n e  management p o l i c i e s  are expec ted   to  be e f f e c t i v e   i n  
prevent ing  development .  
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Sens i t i v i ty   ana lyses   conduc ted   fo r   i nunda t ion   and   fo r   e ros ion  a re  
inc luded   i n   Append ix  "C" t o   t h e   I n t e r n a t i o n a l   L a k e  Erie Regulat ion  Study 
Board   repor t ,  1981. ( l  3 ,  

8 . 3 . 1 . 3  Water I n   t a k e s  

Many communities and i n d u s t r i e s   a l o n g   t h e   s h o r e l i n e  of t h e  Great 
Lakes   and   the i r   connec t ing   channels   have   l ake  water In takes .  A survey of 
t h e s e   i n t a k e s  was c a r r i e d   o u t   i n   t h e   I n t e r n a t i o n a l  Great Lakes  Levels  Board 
Study. The methodology  used by the   Levels   Board   to   de te rmine   impacts   o f  
changing water l e v e l s  on i n t a k e s  was a d o p t e d   f o r   t h i s   s t u d y .  The 
methodology  compares  pumping  costs  for water l e v e l s   u n d e r   t h e  
bas i s -of -compar ison   condi t ions   wi th  those u n d e r   t h e   d i v e r s i o n   s c e n a r i o s  
p re sen ted   he re in .  The d i f f e r e n c e   i n  pumping cos ts   be tween  the  two 
c o n d i t i o n s   r e p r e s e n t s  a b e n e f i t   o r  loss. 

8 . 3 . 1 . 4  M a r i n e   S t r u c t u r e s  

T h e   a n a l y s i s  of e f f e c t s  of d i v e r s i o n  management  on c o a s t a l   m r i n e  
f a c i l i t i e s  was based on techniques  developed by t h e   I n t e r n a t i o n a l  Great 
Lakes  Levels   Board,  1973 . (9 )  I n   r e c o n s i d e r i n g   t h e  data and techniques  
u s e d   i n   t h e  IGLLB s tudy ,  i t  was de termined   tha t   d ry- ro t  of timber 
s u b - s t r u c t u r e s  i s  no longer  a major  problem;  hence, it was not   considered 
i n   t h i s   e v a l u a t i o n .  The methodology  used   to   eva lua te   mar ine   s t ruc tures  
a s s o c i a t e d   w i t h   r e c r e a t i o n a l   b o a t i n g  is  a d d r e s s e d   i n   t h e   f o l l o w i n g  
paragraphs.  

8 . 3 . 2  Recrea t iona l   Beaches   and   Boat ing  

8 .3 .2 .1  R e c r e a t i o n a l  Beaches 

The methodology is based   on   t he   p remise   t ha t   a l t e r ed   l ake   l eve l s  
w i l l  gene ra t e   changes   i n   beach  area. These  changes a re  t h e n   r e l a t e d   t o  
t h e i r   a b i l i t y   t o   p r o v i d e   r e c r e a t i o n a l   o p p o r t u n i t i e s .  By a s s i g n i n g  a d o l l a r  
v a l u e   t o   t h e   r e c r e a t i o n a l   o p p o r t u n i t i e s ,   b e n e f i t s   o r   l o s s e s  were 
q u a n t i f i e d .   T h i s  was accomplished by compar ing   the   l ake   l eve ls   under   the  
scenar ios   to   tha t   which   occur red   under   the   bas i s -of -compar ison .  

The  fol lowing  assumptions were used: 

1 .  on ly   beaches   access ib l e   t o   t he   gene ra l   pub l i c  were included;  

2. t h e   t o t a l   m m h e r  of beaches  would  remain  constant  thrcughout 
t h e   s t u d y   p e r i o d ;  

3. expansion of publ ic   beach area t h r o u g h   a c q u i s i t i o n   a n d  
development  would  not  occur;  and, 

4 .  swimming i s  t h e   i n d i c a t o r   a c t i v i t y   f o r   b e a c h   u s e .  

The  economic  impacts were determined i n  t h e   f o l l m i n g   m n n e r :  
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1. Determine  the  change  in swimming oppor tun i t i e s  due to  changes 
in the   l ake   l eve ls .   This  was based on the   p resent  and future   use  of  
swimming oppor tuni t ies .  

2. Calcu la te   the   mnetary   va lue  of an  opportunity.  

In determining  benefi ts ,  i t  is necessa ry   t o   e s t ab l i sh  when 
a d d i t i o n a l   o p p o r t u n i t i e s  would a c t u a l l y  be used.  Benefits  occur when beach 
use  under a given  scenario  exceeds  the  mmber of o p p o r t u n i t i e s   a v a i l a b l e  
under  the  basis-of-comparison  conditions.  However, i f  a beach area i s  
l a rge r ,   due   t o   changes   i n   l ake   l eve l s ,   bu t   t he   add i t iona l   oppor tun i t i e s  are 
n o t   a c t u a l l y   u t i l i z e d ,   t h e r e  would be no benef i t .  

Inputs   to   the   Canadian  model were based on the   On ta r io   Rec rea t ion  
Survey   ( co l l ec t ed   i n  1974-78) fo r   na tu ra l   env i ronmen t  swimming. I n   t h e  
United States, where no survey  data  were ava i l ab le ,   an   a l loca t ion  model was 
developed.  Future  beach  use was determined by a s t r a i g h t - l i n e   f u n c t i o n  of 
popula t ion   growth   in   the   o r ig in   zones   over   the   50year   eva lua t ion   per iod .  
The  value of an addi t iona l   oppor tuni ty   rea l ized  by t h e   r e c r e a t i o n i s t  is 
based on the  fol lowing:  

1 .  t he   func t ion  of d i s t ance   t r ave led ,  and a weighted  entrance 
f e e   f o r   e a c h   d e s t i n a t i o n  zone; 

2. t he   do l l a r   va lue   fo r   t he   ave rage   d i s t ance   t r ave led ,   based   on  
the   cos t  p e r  mile of d r iv ing  a pr ivate   automobile;   and,  

3. en t rance   fees .  

Ac tua l   f i e ld   da t a  and  beach  assessment  calculations are presented  
i n  Appendix G ,  Recreational  Beaches and Boating, of t he   In t e rna t iona l   Lake  
Erie Regulat ion  Study Board report ,   1981.(13)  

8.3.2.2 Recreational Boating - U.S. Data Only* 

Changes i n  water l e v e l s   a f f e c t   r e c r e a t i o n a l   b o a t i n g   a c t i v i t y .  
The  impacts  measured i n   t h i s   s t u d y  are e f f e c t s  on recrea t iona l   boa t ing  
resu l t ing   f rom owners being  prevented  safe   ingress/egress   f rom  the  boat  
s l i p s  or  prevented from  mooring the i r   boa t s ,  due   to   insuf f ic ien t   depths .  
Though i t  was recognized  that  damages t o   b o a t i n g   a c t i v i t i e s  may r e su l t   f rom 
water leve ls   too   h igh   for   boa t  owners to   s a fe ly   u se   t he i r   c r a f t s   ( e .g . ,  
i nunda ted   docks ) ,   t h i s   ana lys i s   cons ide red   on ly   t he   e f f ec t s  of low water 
l e v e l  damages. Fu r the rmore ,   t h i s   ana lys i s   cons ide red   on ly   t he   e f f ec t s  of 
water l e v e l   f l u c t u a t i o n s  on r e c r e a t i o n a l   b o a t i n g   f o r   a c t i v i t i e s   o r i g i n a t i n g  
a t  commrc ia l   f ac i l i t i e s   ( e .g . ,   mar inas ) .   Boa t s   be r thed  a t  p r i v a t e  
res idences ,  summer co t tages ,   e tc .  were not  considered. 

*A similar study on Canadian  recreat ional   boat ing was not  undertaken,  due 
t o   l a c k  of s u f f i c i e n t   r e a d i l y   a v a i l a b l e   d a t a  and lack of f u n d s   t o   c o l l e c t  
information.  
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Impacts  on r e c r e a t i o n a l   b o a t i n g ,   r e s u l t i n g   f r o m   c h a n g e s   i n   l a k e  
l e v e l s ,  were c a l c u l a t e d  as b e n e f i t s   o r   l o s s e s   r e s u l t i n g  f rom  the   d i f fe rence  
between a p a r t i c u l a r   s c e n a r i o  and  the  basis-of-comparison  condition. 

The   mthod   employed   t o   ca l cu la t e   bene f i t s  and l o s s e s  on 
r e c r e a t i o n a l   b o a t i n g  i s  expla ined  i n  d e t a i l   i n   t h r e e   s e p a r a t e   s e c t i o n s   o f  
Appendix G of   the  Lake Erie Board  report:  Stage-Damage R e l a t i o n s h i p ,  
Stage-Durat ion  Relat ionship,   and  Average  Annual  Damage Computations.  The 
s tage-damage   re la t ionship  is  the  measurement of t h e   e f f e c t s  of v a r i o u s  
water l e v e l s  on boat ing  use.   I f  a given water l eve l   p rov ides   an   ave rage  
d e p t h  of f o u r   f e e t   a t   e a c h   b e r t h  a t  a p a r t i c u l a r   h a r b o u r ,   t h e n  i t  i s  
assumed  that  any  boat  which  has a d r a f t  of f o u r   f e e t   o r  more  would b e  
u n a b l e   t o   s a f e l y   l e a v e   o r   e n t e r  i t s  berth.  The b a s i s   f o r   c a l c u l a t i n g   t h i s  
impact   in   monetary terms is obtained  f rom  the  "small-boat   formula"  der ived 
by t h e  U.S. Army Corps of Eng inee r s   ( "Survey   Inves t iga t ions  and 
Reports--Benefi t   Evaluat ing  and  Cost-Sharing  for   Small-Boat   Harbor  
P r o j e c t s , "  EM 112e2-113 ,   June  11, 1959.)  The  "small-boat  formula' '  can be 
summarized as fo l lows:  "Boat  owners are assumed to  receive  non-monetary 
r e t u r n s   i n   t h e  form of boa t ing   en joyment   tha t   would   be   equiva len t   to   the  
rate of r e t u r n  on inves tments  of c o m p a r a b l e   s i z e   i n   t h e   ' f o r   h i r e '   b o a t i n g  
s e c t o r  and the  absence of impediments  to  boating."  The  investment  upon 
w h i c h   t h e   c a l c u l a t i o n s  were made is  based on the   deprec ia ted   va lue  of t h e  
f l e e t ,  which i s  t a k e n   t o  be e q u a l   t o   5 0   p e r c e n t  of t he   pu rchase   p r i ce ,  
where: 

1. average   age  of a b o a t   i n   t h e   f l e e t  i s  n / 2   ( n = l i f e  of t h e  
a s s e t ) ;   a n d ,  

2. s t r a i g h t - l i n e   d e p r e c i a t i o n  i s  used. 

T h e s e   c a l c u l a t i o n s  were carried o u t   f o r  a l l  classes of b o a t s  
b a s e d   a t   t h e  marina f a c i l i t i e s .  

The stage-durat ion  concept  i s  a measure that relates t h e  
p r o b a b i l i t y  of a water l eve l   be ing   equa l l ed   o r   exceeded   du r ing  a c e r t a i n  
p e r i o d  of time. A s t age -dura t ion   cu rve  was developed  for   each of t h e  
s c e n a r i o s  and f o r   t h e   b a s i s - o f - c o m p a r i s o n   f o r   e a c h   r e a c h   i n   t h e   s t u d y  area. 
E a c h   s t a g e - d u r a t i o n   r e l a t i o n s h i p  was der ived   f rom May through  September 
w a t e r   l e v e l  data f o r   t h e   p e r i o d  1900-1976. It was assumed t h a t   t h e   p e r i o d  
May t h r o u g h   S e p t e m b e r ,   i n c l u s i v e ,   r e p r e s e n t s   t h e   r e c r e a t i o n a l   b o a t i n g  
season   t h roughou t   t he   s tudy  area. Though r ec rea t iona l   boa t ing   occu r s  as  
e a r l y  as Apr i l   and  as l a t e  a s  October ,  many s t u d i e s   i n d i c a t e  that 
r e c r e a t i o n a l   b o a t i n g  i n  t h e s e  two tmnths   (Apr i l  and O c t o b e r )   a c c o u n t s   f o r  a 
very   minor   por t ion  of t o t a l   b o a t i n g   a c t i v i t i e s .  

The average  annual  damage c o m p u t a t i o n   r e p r e s e n t s   t h e   i n t e g r a t i o n  
of the  s tage-damage  and  s tage-durat ion  re la t ionships .   This   computat ion 
measures   the damage t h a t  would be expec ted   to   occur   in   any  one year .  
Average  annual damage was computed us ing   a s soc ia t ed   s t age -dura t ion  
r e l a t i o n s h i p s   f o r   e a c h  of the   p roposed   scenar ios   and  f o r  the   bas i s -of -  
comparison. 
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The b e n e f i t s   o r   l o s s e s   a s s o c i a t e d   w i t h   e a c h   s c e n a r i o  were 
computed by t ak ing   d i f f e rences   be tween   ave rage   annua l  damages  under  each 
s c e n a r i o  and the   bas i sof -compar ison .  

Details concerning m t b d ,   d a t a  and c a l c u l a t i o n  a re  provided   in  
Appendix G of t h e   I n t e r n a t i o n a l   L a k e  Erie Regulat ion  Study  Board  report .  

Al though  the   boa t ing   eva lua t ion   involved   de te rmining   the   impacts  
o n  r e c r e a t i o n a l   b o a t i n g   a c t i v i t y ,   e x i s t i n g   b o a t i n g  f a c i l i t i e s  and 
c o m m e r c i a l   f i s h i n g   a c t i v i t i e s ,   t h e   r a m i f i c a t i o n s  of t h e   c u r t a i l m e n t  oE 
s p o r t s   f i s h i n g   p a r t i c i p a t i o n  were not a c o n s i d e r e d   f a c t o r .   T h e   t o t a l  
economic  value of s p o r t   f i s h i n g  was e s t i m a t e d   i n  a 1979   s t a tus   r epor t   o f  
t h e  Great Lakes  Fishery  Commission a t  o n e   b i l l i o n   d o l l a r s   a n n u a l l y . ( 1 8 )  
T h i s   f i g u r e  is based on t h e  amount of money people are w i l l i n g   t o   s p e n d   f o r  
such  items as food ,   ba i t ,   mo te l s ,   boa t s ,  and special gear   and   c lo th ing .  
R e c r e a t i o n a l   a n g l e r s   d i r e c t l y   s p e n d   a b o u t  440 m i l l i o n   d o l l a r s   t o   f i s h   t h e  
Great L a k e s .   T h i s   t r a n s l a t e s   i n t o   a p p r o x i m a t e l y   o n e   b i l l i o n   d o l l a r s   i n  
reg iona l   incomes  as c o n t r a s t e d   t o   t h e   1 6 0   m i l l i o n   d o l l a r   i m p a c t  of 
c o m m r c i a l   f i s h i n g  as es t imated  by t h e  Great Lakes  Fishery Commission. 

8.3.3  Power 

T h e   e f f e c t s  of c h a n g e s   i n   l a k e   l e v e l s  and flows on hydropower 
g e n e r a t i o n  were determined by comparing  the power tha t   cou ld   be   gene ra t ed  
under   the   bas i s -of -compar ison   wi th   the  power tha t   could   be   genera ted   under  
each of t h e   v a r i o u s   s c e n a r i o s   a n d   e v a l u a t i n g   t h e   d i f f e r e n c e  i n  terms of t h e  
c o s t  of replacement  power. 

T h e   e x i s t i n g   h y d r o - e l e c t r i c   i n s t a l l a t i o n s  on t h e   o u t l e t  rivers of t h e  
Great Lakes   t ha t   cou ld   be   a f f ec t ed  by changes i n   t h e  water l eve l   and   f l ow 
regime of the  system  have a t o t a l   i n s t a l l e d   c a p a c i t y  of j u s t   o v e r  8 ,000,000 
kw. It was assumed that t h e r e  would  be no change i n   t h i s   i n s t a l l e d  
capac i ty   ove r   t he   50 -yea r   s tudy   pe r iod   1985   t h rough  2035. 

8.3.3.1  Determination of Power   Genera t ion  

Power   genera t ion  i n  terms of peak   l oad   me t ing   capab i l i t y ,   and  
energy   ou tputs   f rom power i n s t a l l a t i o n s   o n   t h e  Great Lakes  depends on t h e  
n e t  head  and  f lows  avai lable .   The  net lodology  for   determining  the  peak  and 
energy  output  i s  e x p l a i n e d   i n   d e t a i l   i n   A p p e n d i x  F of t h e   I n t e r n a t i o n a l  
Lake Erie Regula t ion   S tudy   Board   repor t ,  1981. ( l  3, Computer  models t h a t  
had  been  developed  for   each  plant   or   group of p l a n t s  were up-dated a s  
requi red .  

The  rmdel  input i s  t h e   7 7 ~ e a r  regime of monthly mean l a k e   l e v e l s  
and  outf lows,  as developed  for   the  basis-of-comparison  and  for   each 
scenario.   For   each  rmnth of the   s tudy   pe r iod   1900   t h rough   1976 ,   t he  
computer  programs  determine  the amount  of water a v a i l a b l e   t o   e a c h   p l a n t ,  
e x c e p t   t h e  U.S. Niagara  plants ,   the   corresponding  head,   the   average  monthly 
energy  output ,   and  the  peak  output .  The average  annual  energy  and  peak 
l o a d   m e t i n g   c a p a b i l i t y  were calculated  f rom  the  above  computer   outputs .  

8-7 



In t h e  case of t h e  U.S. N i a g a r a   p l a n t s ,   t h e   g a i n   o r  l o s s  i n  
energy  and  peak  output were d e r i v e d   f r o m   a n   a n a l y s i s   o f   d u r a t i o n   l i s t i n g s  
of  monthly  Lake Erie  ou t f lows .  

On t h e   S t .  Marys River ,   the   power   ou tput   f rom  the   Canadian   p lan t  
i s  based on t h e   r e d e v e l o p e d  Great Lakes Power Corpora t ion   P lan t ,   which  w i l l  
b e   o p e r a t i o n a l   i n  1982.  The  methodology was developed by On ta r io   Hydro   i n  
c o - o p e r a t i o n   w i t h  Great Lakes Power Corporat ion  Limited  and i t s  c o n s u l t a n t .  

Ice c o n d i t i o n s  limit t h e   f l o w  a t  t h e  time t h a t   t h e  Hydro  Quebec 
s y s t e m   e x p e r i e n c e s   p e a k   l o a d ;   t h e r e f o r e ,  no  p e a k   c a p a c i t y   b e n e f i t s  are 
ex.pected  on t h i s  system. 

8.3.3.2  Determinat ion of B e n e f i t s   o r   L o s s e s  

The a v e r a g e   a n n u a l   e n e r g y   a n d   l o a d   m e e t i n g   c a p a b i l i t y   f o r   e a c h  
p l a n t   o r   g r o u p   o f   p l a n t s  as de termined   for   the   bas i s -of -compar ison  were 
s u b t r a c t e d   f r o m   t h e   c o r r e s p o n d i n g   v a l u e s   f o r   e a c h   s c e n a r i o   b e i n g   e v a l u a t e d  
t o   d e t e r m i n e   t h e   b e n e f i t   o r  l o s s .  Al though  th i s   methodology may appear t o  
be  obvious,  i t  i s  m e n t i o n e d   t o   c l a r i f y   t h e   f a c t   t h a t   t h e   e c o n o m i c  
e v a l u a t i o n  was based   on   the   ga in   o r  loss i n  power  and n o t   o n   t h e   t o t a l  
g e n e r a t i o n .  

8 .3 .3 .3   Determinat ion  of   Unit   Costs  

To e v a l u a t e   t h e   v a r i o u s   s c e n a r i o s ,   t h e   a n n u a l   v a l u e  of 
replacement  energy  and  peak  capacity  over  the  study  period were e s t i m a t e d .  
These   cos t  estimates assumed a d i s c o u n t  rate of 8 .5   pe rcen t ,  a p r o j e c t  
economic l i f e  of 5 0   y e a r s   ( 1 9 8 5   t o   2 0 3 5 )   a n d   J u l y   1 9 7 9   p r i c e   l e v e l s .  

I n   t h e  case of Ontario  Hydro  and  Hydro  Quebec  the system v a l u e s  
i n c l u d e d   i n f l a t i o n .   T h e s e  were f i r s t   c o n v e r t e d   t o   1 9 7 9   d o l l a r s  by a 
d e f l a t i o n   f a c t o r .  

The   On ta r io   sys t em  va lues  are based  on  replacement  power 
g e n e r a t i o n   f r o m   a n   a n t i c i p a t e d   m i x t u r e  of c o a l   a n d   n u c l e a r .  The Quebec 
v a l u e s  are  based   upon  hydro-e lec t r ic   rep lacement   to   1995  and   nuc lear  
t h e r e a f t e r .  The New York S t a t e   v a l u e s  are c a l c u l a t e d   u s i n g   o i l  as t h e  
replacement   fuel   and  assuming a f i v e   p e r c e n t  p r ice  i n c r e a s e  compounded 
annual ly   f rom  1979  through  2005,   and no f u r t h e r   i n c r e a s e   t h e r e a f t e r .   F o r  
the   upper   Michigan   p lan ts   on   the   S t .  Marys R i v e r ,   t h e   p r e s e n t   c o s t s  were 
assumed  to   occur   th roughout   the   50-year   s tudy   per iod .  

For  each s y s t e m  t h e   5 0  years of a n n u a l   c o s t s   i n  r ea l  1979 d o l l a r s  
were   d i scounted  a t  8 . 5   p e r c e n t   t o   1 9 8 5   v a l u e s   t o   a r r i v e  a t  t h e   t o t a l  
p resent   wor th .  The annua l   amor t i zed   va lue  was de te rmined   f rom  the   t o t a l  
p re sen t   wor th  by d i v i d i n g  by  11.5656 ( t h e  sum of t h e   p r e s e n t   w o r t h  
f a c t o r s ) .  The annua l   amor t i zed   r ep lacemen t   cos t s  of energy  and capac i ty  
f o r   e a c h  system are  shown i n   t h e   f o l l o w i n g   t a b l e :  
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Table  8-1 
AVERAGE ANNUAL COST OF 

REPLACEMENT POWER 1985-2035 
I N  1979 DOLLARS 

U.S. P l a n t s  
System  Quebec  Ontario New York Upper  Michigan 

Day Night 

Energy Mills /KWH 7.5 68 17.24  12.12 110.6 3.3 6 
C a p a c i t y  $/KW 33.08 70.0 28.33 

8.3.4  Navigation 

The  economic  effect  on commercial nav iga t ion   due   t o  a d i v e r s i o n  
s c e n a r i o  was computed as t h e   d i f f e r e n c e   b e t w e e n   t h e   a n n u a l   c o s t s  of 
t r anspor t ing   l ake   ca rgo   unde r   t he   bas i s -o f - compar i son   and   s cena r io   l ake  
l e v e l   r e g i m e s .   D r e d g i n g   t o   r e - e s t a b l i s h  water d e p t h s   ( i n   t h e   c h a n n e l s   a n d  
ha rbor s )   r educed  by d ivers ion   mnagement ,  i s  an  opt ion  which  can  be  used  to  
a v o i d   t h e  l o s s  of l oad -ca r ry ing   capac i ty .  The c o s t  of t h i s   a l t e r n a t i v e  has 
b e e n   e s t i m a t e d   i n   t h i s   s t u d y .  The t e c h n i q u e   f o r   t h i s   e v a l u a t i o n  i s  
o u t l i n e d   b r i e f l y  below.  For a d e t a i l e d   d e s c r i p t i o n  of t he   t echn ique ,  see 
Appendix D o f  t h e   I n t e r n a t i o n a l   L a k e  Erie  Regula t ion   S tudy   Board   repor t ,  
1981.  (13) 

8 .3 .4 .1   Transpor ta t ion   Cos t  

The r e l a t i o n s h i p   b e t w e e n   l a k e   l e v e l s   a n d   t r a n s p o r t a t i o n   c o s t  i s  
based  on t h e   a l l o w a b l e   d r a f t  of shipping.  In  t h e  Great Lakes  - S t .  
Lawrence River s y s t e m ,   t h e   a l l o w a b l e   d r a f t  i s  l i m i t e d  by the   depth   o f  water 
i n   t h e   h a r b o u r s  and the   connec t ing   channels   be tween  the   l akes .  When t h e  
d e p t h   i n   o n e  of t h e s e   " r e s t r i c t e d "   p a r t s  of the   sys tem i s  a l t e r e d  by a 
c h a n g e   i n   l a k e   l e v e l s ,   t h e   a l l o w a b l e  d r a f t ,  and t h e r e f o r e   t h e   l o d i n g  of 
s h i p s   w i s h i n g   t o   u s e   t h a t   p a r t  of the   sys tem at  t h a t  time, may be a f f e c t e d .  
Any change   i n   t he   l oad ing   capac i ty  of s h i p s ,  o n  a g i v e n  route, would result 
i n  a c h a n g e   i n   t h e  number of sh ip -hour s   r equ i r ed   t o  move a given volume  of 
goods ove r   t ha t   rou te .  A c h a n g e   i n   t h e  number of ship-hours  required  would 
change   t he   t o t a l   ope ra t ing   expenses   i nvo lved ,   and   t he re fo re   change   t he  
t o t a l   c o s t  of t r a n s p r t l n g   t h o s e  goods. 

T h i s   r e a s o n i n g  forms t h e  basis of t h e   e v a l u a t i o n   m t h o d o l o g y  
a p p l i e d   m o n t h l y   t o   e a c h   s h i p p i n g   r o u t e   i n   t h e   f u t u r e  Great Lakes - S t .  
L a w r e n c e   R i v e r   t r a d e s .   A n r u a l   t o t a l   t r a n s p o r t a t i o n   c o s t s   f o r   t h e   e n t i r e  
system were c a l c u l a t e d  f o r  each   scenar io .   These  were compared  with  the 
t r a n s p o r t a t i o n   c o s t   f o r   t h e   b a s i s - o € - c o m p a r i s o n   c a s e .   T h e   d i f f e r e n c e   i n  
cos ts   be tween  the   bas i s -of -compar ison   and   the   scenar io  is  t h e   b e n e f i t   o r  
loss  to   sh ipping .  

The  mthodology i s  composed p r i m a r i l y  of f o r e c a s t s  of c m m d i  t y  
t r a f f i c ,   v e s s e l   f l e e t s  and  operat ing  methods f o r  the  navigat ion  system. 
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U n p r e d i c t a b l e  po l i t i ca l  c o n s i d e r a t i o n s  can a f f e c t   t h e   o p e r a t i o n  of t h e  
system.  These  include wars, major  depressions  and  government 
t r a n s p o r t a t i o n   p o l i c i e s .   T h e s e  are d i scussed  i n  Appendix D t o   t h e  
I n t e r n a t i o n a l   L a k e  Erie Regula t ion   S tudy  Board r e p o r t .  

8.3.4.2  Dredging 

Nav iga t ion   l o s ses   cou ld  be e l i m i n a t e d   i f   h a r b o u r s   a n d   c o n n e c t i n g  
c h a n n e l s  = re  d r e d g e d   t o   o f f s e t  any d e c r e a s e s  i n  mean l ake   l eve l   caused  by 
r e g u l a t i o n .   I f   t h e   r e l a t i o n s h i p   b e t w e e n  mean l a k e   l e v e l  and  the  low water 
d a t u m   t h a t   e x i s t e d   p r i o r   t o   a l t e r i n g   t h e   l e v e l s   r e g i m e  i s  maintained by 
d redg ing ,   t hen   l o s ses   i n   t onnage   ca r r i ed   and   t r anspor t a t ion   r evenue   wou ld  
not   occur .  The c o s t  of d redg ing   Un i t ed   S t a t e s   Fede ra l   ha rbour s   and  
c h a n n e l s   t o   d e p t h s   o f   1 / 4 ,  1 / 2  and 1 f o o t  was de termined   and   curves   o f  
dep th   ve r sus   cos t   p lo t t ed   fo r   each   l ake   and   connec t ing   channe l .  It i s  n o t  
p o s s i b l e   t o   d r e d g e   t o   t o l e r a n c e s  of 1 / 4   o r   1 / 2   f o o t ;   h o w e v e r ,  it i s  
cons ide red   l i ke ly   t ha t   such   d redg ing   cou ld   be   accompl i shed  by modi fy ing   t he  
r egu la r   ma in tenance   d redg ing   con t r ac t s   t o   pay   fo r   t he   add i t iona l   dep th  
d e s i r e d .  

A similar estimate of d redg ing   r equ i r emen t s   and   cos t s   fo r  
Canadian  harbours  was not   undertaken  due  to  a l a c k  of s u f f i c i e n t   r e a d i l y  
a v a i l a b l e  data. 

Rased on t h e   I n t e r n a t i o n a l   L a k e  Erie Regulat ion  Study  Board 
a n a l y s i s ,   t h e   c o s t s  of d r e d g i n g  U.S. harbours   and   channels   to   compensa te  
f o r   t h e   l o w e r i n g  of t h e   l e v e l s  by Lake Erie r e g u l a t i o n   w o u l d   b e   g r e a t e r  
t h a n   t h e   l o s s e s   t o   t h e  U.S. f l e e t .   T h e r e f o r e ,  i t  was concluded that 
dredging  would  not  be a v i a b l e   a l t e r n a t i v e   f o r   e l i m i n a t i n g   n a v i g a t i o n  
l o s s e s ,   i n   t h e  case of Lake Erie r e g u l a t i o n .  

Ana lys i s  of S c e n a r i o s  1, 6, and  7 ( s e e   S e c t i o n  8.5) shows t h a t  
f o r   S c e n a r i o  6 d r e d g i n g   c o s t s   w o u l d   b e   g r e a t e r   t h a n   n a v i g a t i o n   l o s s e s ,   b u t  
less t h a n   n a v i g a t i o n   l o s s e s   f o r   S c e n a r i o s  1 and 7, as shown i n  t h e  
f o l l o w i n g   t a b l e .  

Cos t  of Dredging  to  Navigat ion  Losses   Caused 
S c e n a r i o   R e s t o r e  Water Depths  (U.S.) By Reduced  Depths (U.S.) 

1 $85 m i l l i o n   $ 1 3 1 . 5   m i l l i o n  

6 $7.4 m i l l i o n  $ 4 . 5   m i l l i o n  

7 $40   mi l l i on  $ 4 5 . 2   m i l l i o n  

The reasons f o r  t h i s  a r e  as f 01.10~s : 

1. S c e n a r i o  1 wou ld   r educe   t o   ze ro   t he  Long I ac /Ogok i   D ive r s ions  
i n t o   L a k e   S u p e r i o r .   T h i s   w o u l d  a f fec t  the  leveLs on a l l  l a k e s  by about  0.2 
t o  0.3 foo t .   S ince   Lake   Supe r io r  is the   p redominan t   con t ro l l i ng   l ake  
( f o l l o w e d  by Lakes  Michigan-Huron) ,   the   navigat ion losses would  be 
cons ide rab ly   h ighe r   t han   t he   cos t  of dredging.  



2. Scenar io  6 would   increase   the   f low  out  of Lake Erie  through 
the   Wel land   Canal .   Therefore ,   the   g rea tes t   e f fec t   would  be on  Lake Erie 
leve ls   where   the   man  would  be  lowered by about  0.05 f o o t .  As expec ted ,  
t h e   d r e d g i n g   c o s t  would  be g r e a t e r   t h a n   t h e   n a v i g a t i o n  loss because  the 
depth   in   Lake  Erie i s  n o t   o f t e n   t h e   c o n t r o l l i n g   f a c t o r   i n   i n t e r - l a k e  
s h i  ppin g. 

3. S c e n a r i o  7 would i n c r e a s e   t h e  Lake  Mlchigan  Diversion a t  
Chicago.   Therefore ,   the  greatest ef Eect would  be on Lakes  Michigan-Huron 
l e v e l s .  In t h i s  case, n a v i g a t i o n   l o s s e s  would  be g rea t e r   t han   t he   d redg ing  
cos t s   because  a l o s s  of d e p t h   i n   t h i s   l a k e   a f  Eects a s u b s t a n t i a l   p o r t i o n  of 
U. S. shipping.  

T h e r e f o r e ,   d r e d g i n g  would  be a v i a b l e  al ternate f o r   e l i m i n a t i n g  
I1.S. n a v i g a t i o n   l o s s e s   t h a t  would  be  produced by Scenar ios  1 and 7. 

8.4 Environmental  Methodology 

A l t h o u g h   l i m i t e d   i n   d e t a i l ,   t h e   e n v i r o n m e n t a l   e v a l u a t i o n   . f o r   t h i s  
s t u d y   c o v e r s   t h e   s u b j e c t s  of f i s h e r i e s ,   w i l d l i f e l w e t l a n d   a n d  water q u a l i t y .  

8.4.1 F i s h e r i e s  

Al though  d ivers ion- induced   lake   l eve l   changes  are small when compared 
t o   n a t u r a l   f l u c t u a t i o n s ,   f i s h  may be a f f e c t e d   t h r o u g h   a l t e r a t i o n s  i n  
n e a r s h o r e   h a b i t a t ,   r e d u c t i o n s   i n   h y p o l i m n i o n  volume o r   c h a n g e s   i n   s e a s o n a l  
water l e v e l   f l u c t u a t i o n s .   T h e s e   p o t e n t i a l   e f f e c t s  were addres sed   u s ing   t he  
p u b l i s h e d   l i t e r a t u r e  and a general knowledge of f i she ry   b io logy .  In 
a d d i t i o n ,   p u b l i s h e d   c o r r e l a t i o n s   b e t w e e n  water l e v e l s   a n d   t h e   s u c c e s s   o f  
f i s h   s t o c k s   i n   t h e  Great Lakes are employed.  Three water l e v e l   c o n d i t i o n s  
resu l t ing   f rom  the   maximum-effec t   d ivers ion   scenar io  were eva lua ted  i n  
r e l a t i o n   t o   i m p a c t  on the   f i shery :   the   long- te rm  month ly  mean l e v e l ;   t h e  
monthly mean l e v e l s   d u r i n g  a per iod  of h igh   leve ls ;   and ,   the   month ly  mean 
levels d u r i n g  a p e r i o d  of low l e v e l s .  A four-year   per iod of h i g h   o r  l w  
water l e v e l s  was examined ,   s ince   t h i s   pe r iod  would  be of s u f f i c i e n t  
d u r a t i o n   t o   s u s t a i n   t h e   e s t a b l i s h m e n t  of vege ta t ion   and  aquatic organisms 
a n d   t h e i r   h a b i t a t i o n  by f i s h   l i f e .  

8.4.2 W i l d l i f   e l w e t l a n d s  

The p r o b a b l e   e f f e c t s  of t h e   v a r i o u s   d i v e r s i o n   s c e n a r i o s  on w i l d l i f e  
were e v a l u a t e d   t h r o u g h   t h e   a n a l y s i s  of impacts   tha t   changes  i n  water l e v e l s  
would  have on the   wet lands .  The importance of each  type of w e t l a n d   t o  
w i l d l i f e  was e s t a b l i s h e d  from t h e   a v a i l a b l e   l i t e r a t u r e ,   i n c l u d i n g  
informat ion  on s p e c i e s   l i f e - c y c l e   p r e f e r e n c e   f o r   d i f f e r e n t   w e t l a n d   t y p e s .  

The e x i s t i n g  Great Lakes  wetlands  have  evolved i n  r e s p o n s e   t o   h i s t o r i c  
water l e v e l   f l u c t u a t i o n s  and environmental   changes.   Seven  wetland  types 
were def ined   based  on p h y s i c a l   c h a r a c t e r i s t i c s ,  and the  response  of   these 
t y p e s   t o  water level changes was evaluated.  Wetlands were cons ide red   t o  
c o n s i s t  o f   fou r   ma jo r   vege ta t ive   zones   wh ich   sh i f t   pos i t i on   o r   change   i n  
s i z e  with a l t e r a t i o n s   i n   l o n g - t e r m  water l eve l s .   Qaphs  were developed 
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w h i c h   i n d i c a t e   t h e   p e r c e n t a g e  of t o t a l   w e t l a n d  area occupied by t h e s e   f o u r  
zones a t  any water l e v e l   f o r  two spec i f i c   we t l ands .   These   g raphs  were used 
in conjunct ion   wi th   long- te rm water l e v e l   a l t e r a t i o n s  as t h e  basis f o r  
eva lua t ing   cor responding   changes   in   wet land   composi t ion   under   the   var ious  
d i v e r s i o n   s c e n a r i o s .  The changes i n  we t l ands  were t h e n   a n a l y z e d   i n  terms 
o f   p o t e n t i a l   e f f e c t s  on w i l d l i f e .  

8 . 4 . 3  Water Q u a l i t y  

S i n c e   t h e   l a k e   l e v e l   c h a n g e s   a s s o c i a t e d   w i t h   t h e   v a r i o u s   s c e n a r i o s  a r e  
r a t h e r  small, i t  a p p e a r s   t h a t  any changes i n  the   open   lake  water q u a l i t y  
would  be  minimal.  However, t h e   d i v e r s i o n s  and  consumptive  uses  scenarios 
c o u l d   p r o d u c e   s u b s t a n t i a l   c h a n g e s   i n   n e a r s h o r e  water depths   and 
c o n s e q u e n t l y   c a u s e   s u b s t a n t i a l   c h a n g e s  i n  nea r shore  water q u a l i t y .  
Fu r the rmore ,   s ince  most water u s e s   o c c u r   i n   t h e   n e a r s h o r e  areas, any 
changes   in  the q u a l i t y  of n e a r s h o r e  water would  be g e n e r a l l y  more 
no t i ceab le   t han   changes  i n  mid-lake. In l i g h t  of the   above ,   and   s ince  the 
n e a r s h o r e  is t h e  most   impor tan t   l ake  area f o r   w i l d l i f e ,   f i s h   p r o d u c t i o n   a n d  
v a r i o u s  human a c t i v i t i e s ,   t h e  water qua l i ty   s tudy   p l aces   emphas i s   on   t hese  
areas. 

Water q u a l i t y   c h a r a c t e r i s t i c s   e x a m i n e d   i n c l u d e   h y p o l i m n i o n  volume a n d  
oxygen   r e sources ,   gene ra l   l ake  water q u a l i t y ,   p h o s p h o r u s   a n d   t u r b i d i t y  
concen t r a t ions ,   C ladophora   p roduc t ion ,  embayment water q u a l i t y   a n d  waste 
d i s p e r s i o n   c a p a b i l i t y .  All characterist ics were a s s e s s e d   t h r o u g h   t h e   u s e  
of a p p r o p r i a t e   e x i s t i n g   m o d e l s   o r   m o d i f i c a t i o n s ,   e x c e p t   f o r   t h e   C l a d o p h o r a  
assessment   which i s  based on Cladophora  product ion  being a functlion  of 
s u b s t r a t e   a n d  lake bottom  topography. I n  mos t   ins tances  a q u a n t i f i c a t i o n  
o f  t h e  water qual l ty   changes   resu l t ing   f rom  the   maximum-effec t   d ivers ion  
s c e n a r i o  was made. 

8.5 Eva lua t ion  of S e l e c t e d   D i v e r s i o n   S c e n a r i o s  

To a d d r e s s  the issues r a i s e d  i n  t he   “Refe rence , ”   t he   Boa rd   s e l ec t ed ,  
f r o m   t h e   t o t a l   a r r a y  of s cena r ios   eva lua ted   (F igu re   7 -2 ) ,   t he   fo l lowing  
s c e n a r i o s   f o r   d e t a i l e d   h y d r o l o g i c   r e v i e w .   I n   s e l e c t e d  cases, as no ted  by 
a n  a s t e r i s k ,   d e t a i l e d   e c o n o m i c   r e v i e w  was made. 

( a )   Four   s cena r ios   wh ich  show the   impact  of t h e   e x i s t i n g  
d i v e r s i o n s  : 

Diver s ion  Rate ( c f s )  

*Scenario 1 - Long  Lac/Ogoki 0 
Lake  Xichigan a t  Chicago 3,200 
Wellan d Canal  7,000 

S c e n a r i o  2 - Long Lac/Ogoki 5,000 
Lake  MichIgan a t  Chicago 3,200 
Wellan d Canal 0 

*Scena r ios   s e l ec t ed   fo r   de   t a i l ed   economic  review. 
” 
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Scenario 3 - Long Lac/Ogoki  5,000 
Lake Michigan a t  Chicago 0 
Welland Canal 7,000 

Scenario 4 - Long Lac/Ogoki 0 
Lake Michigan a t  Chicago 0 
Welland Canal 0 

(b) Five   scenar ios  which a l te r  d ivers ion  rates whenever t h e  
water supply  to  the  upper Great Lakes is above  normal: 

*Scenario 5 - 

*Scenario  6 - 

*Scenario  7 - 

*Scenario  8 - 

*Scenario  9 - 

Diversion 

Long hc /Ogoki  
Lake  Michigan a t  Chicago 
Welland  Canal 

Long Lac/Ogoki 
Lake  Michigan a t  Chicago 
Welland Canal 

Long Lac/Ogoki 
Lake  Michigan a t  Chicago 
Welland Canal 

Long Lac/Ogoki 
Lake  Michigan a t  Chicago 
Welland Canal 

Lon g Lac / Ogoki 
Lake  Michigan a t  Chicago 
Welland  Canal 

Rate ( c f s )  

0 
3,200 
7,000 

5,000 
3 , 2  00 
9,000 

5,000 
8,700 
7,000 

0 
8,700 
7,000 

0 
8,700 
9,000 

(c) One scenar io  which alters d ivers ion  rates whenever the water 
supply  to   the  upper  Great Lakes is below normal: 

Diversion Rate ( c f s )  

*Scenario  10 - Long Lac/Ogoki 5,000 c f s  
Lake  Michigan a t  Chicago 3,200 c f s  
Welland  Canal  2,600 c f s  

( d )  Three  scenarios   for   comparison of the  current   (1979)  Long 
Lac/Ogoki  Diversions rate and the  Welland  Canal  Diversion rate, with  those 
employed i n  the  basis-of-comparison : 

Diversion Rate ( c f s )  

*Scenario 11 - brig Lac/Ogoki  5,600 
Lake Michigan a t  Chicago 3,200 
Welland  Canal  7,000 

*Scenar ios   se lec ted   for   de ta i led  economic  review. 
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*Scenario  12 - Zong Lac/Ogoki  5,o 00 
Lake  Michigan a t  Chicago  3,200 
Welland  Canal  9,400 

*Scenario 1 3  - Long Lac/Ogoki  5,600 
Lake  Michigan a t  Chicago  3,200 
Welland  Canal  9,4 00 

The  above  scenarios  were s e l e c t e d   f o r   d e t a i l e d   e v a l u a t i o n   b e c a u s e   t h e y  
b r a c k e t   t h e   t o t a l   r a n g e  of impacts  which  can be expec ted   f rom  the   ex is t ing  
d i v e r s i o n s   o r   t h e  management of d i v e r s i o n s ,   s i n g u l a r l y  and in   combinat ion.  
The hydrologic ,   economic  and  environmental   evaluat ion of t h e   s e l e c t e d  
s c e n a r i o s  is  presented  in   the  fol lowing  paragraphs.  

8 .5 .1   Hydrologic   Ef fec ts  

T h e   I n t e r n a t i o n a l  Great Lakes  Levels  Board Study  developed c r i t e r i a  t o  
f a c i l i t a t e  h y d r o l o g i c   e v a l u a t i o n  of t h e  Great Lakes  system. These c r i t e r i a  
pa raphase   t he  water level and  flow  requirements of t h e   e x i s t i n g  IJC Orders 
of Approval f o r  Lakes  Superior  and  Ontario  and  include similar informat ion  
for  Lakes  Michigan-Huron  and Erie. Tables  and f igu res   showing   t he   l eve l s  
and   ou t f lows   which   resu l t   f rom  the   appl ica t ion  of the   above   no ted   scenar ios  
t o   t h e  1900-1976 water s u p p l y   p e r i o d ,   i n   t h e   c o n t e x t  of t h e s e  c r i te r ia ,  are  
i n c l u d e d   i n  Annex G t o   t h i s   r e p o r t .  A summary of the   ex t reme water l e v e l s  
and   ou t f lows   resu l t ing   under   each  of t h e   a b o v e   s e l e c t e d   s c e n a r i o s  i s  shown 
i n   T a b l e s  8-2, 8-3 and 8-4. 

8.5.1.1. E x i s t i n g   D i v e r s i o n s  

Table 8-2 p r e s e n t s   t h e   r e s u l t s  of Scenar ios  1 through 4. I n  
t h e s e   s c e n a r i o s  , t h e   h y d r o l o g i c   e f f e c t s  of t h e   d i v e r s i o n  rates employed i n  
the  basis-of-comparison are eva lua ted   s ingu la r ly   and   i n   combina t ion .  
Scena r io   4 ,   wh ich   r e f l ec t s   t he  combined e f f e c t ,   i n d i c a t e s   t h a t  if  t h e  Long 
Lac/Ogoki   Diversions,  Lake Michigan  Diversion a t  Chicago  and the Welland 
Canal were not i n  e x i s t e n c e ,   t h e   m a n  leve l  of Lake  Superior  would  be 0.07 
foot  lower,   Lakes  Michigan-Huron  would  be  0.01  foot  higher , Lake Erie would 
be   0 .24   foo t   h ighe r ,  and Lake   Ontar io  would be  0 .06  foot   lcwer .  The t a b l e  
a l s o  shows t h a t   t h e   e f f e c t  on t h e   e x t r e m e   l e v e l s  of t h e   r e g u l a t e d   l a k e s  i s  
g r e a t e r   t h a n   t h a t   q u o t e d   f o r   t h e   u n r e g u l a t e d   l a k e s .   T h i s  i s  caused by t h e  
f i x e d  maxirnum and minimum flow releases i n c o r p o r a t e d  i n  t h e   r e g u l a t i o n   p l a n  
f o r   t h e   r e g u l a t e d   l a k e s .  GI the   unregulated  lakes   (Michigan-Buron  and 
E r i e )   t h e   o u t f l o w  increases and   decreases  as t h e   l e v e l  rises and f a l l s .  

8.5.1.2  Varying  Diversion Rates 

Scenar ios  5 th rough   10  were developed   for   the   purposes   o f  
de t e rmin ing   t he  extent t o   w h i c h   t h e   e x i s t i n g   d i v e r s i o n s   c o u l d   b e   a l t e r e d ,  
e i t h e r   i n d i v i d u a l l y   o r   i n   c o m b i n a t i o n ,   t o   a l l e v i a t e   e x t r e m e  water l e v e l  
cond i t ions   (w i th   p r imary   focus  on ex t reme  h igh   condi t ions) .   Table  8-3 

*Scena r ios   s e l ec t ed   fo r   de t a i l ed   economic  review. 
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T a b l e  8-2 

(WITHOUT A TRIGGER) 

SCENARIOS 

LONG LAC/OGOKI - CHICAGO-WELLAND CANAL COMBINATIONS 

SUMMARY OF  EXTREMES - LAKE LEVELS AND OUTFLOWS 

Basis-of - 
C o m p a r i s o n  

LL/O 5000 
C H I  3200 
WELL 7000 

1 2 3 

C H I  3200 C H I  3200 C H I  0 
WELL 7000 WELL 0 WELL 7000 

LL/O 0 LL/O 5000 LL/O 5000 
4 

L L / O  0 
C H I  0 
WELL 0 

LAKE SUPERIOR 

F e e t   T c f  s F e e t   T c f  s F e e t   T c f  s F e e t   T c f  s F e e t   T d s  

Me a n  
Maximum 
Min imuru 
R a n g e  

cx, 
LAKES  MICHIGAN-HURON 

Ul 

Mean 
Maxi mum 
Minimum 
Range  

LAKE ERIE 

Mean 
Maximum 
Minimum 
R a n g e  

LAKE ONTARIO 
( w i t h o u t   d e v i a t i o n s )  

Me an 
Maximum 
Minimum 
Range  

600.44 7 8  60 0.25 7 3  600.48 78  600.51 7 8  60  0.37 7 3  
601.93 1 2 3  601.83 1 22 601.93 1 2 3  601.93 1 2 3  601.84 1 2 2  
59  8.69 55 59  7.88 55  59  8.72 55 59  8.75 5 5  59  7.9s 5 5  

3.24 6 8  3.95  67  3 .21  68  3 .18  68  3 .85  67 

578.27 185 577.94 180 578.40 185 578.48 1 8 8  578.28 1 8 3  
581.16 232 58  0.83 22 6 581.28 232 581.36 235 581.20 2 3 0  
575.46 1 1 2  575.07 1 0 8  575.60 1 1 3  575.70 116 575.43 1 1 1  

5.70  120 5.76 1 1 8  5.68 1 1 9  5.66 1 1 9  5.77 11 9 

570.76 207 57 0.53 202 571.08 207 570.90 210 571.00 2 0 5  
573.60 2 7 0  573.37 2 6 5  5 73.91 271 573.75 2 7 4  573.84 2 6 9  
568.10 152 56 7.84 147 568.45 152 56  8.25 155 568.36 1 5 0  

5.50  118  5.53 1 18  5.46  119  5.50  119  5.48  119 

244.73 242 244.53 237 244.73 242 244.83 2 4 5  244.67 2 4 0  
249.47 310 24  8.34 310 249.49 310 251.29 310 248.98 310 
241.59 1 8 8  240.22 1 8 8  241.58 1 8 8  242.07 1 8 8  241.10 1 8 8  

7.88  122  8.12  12 2 7.91  122  9.22  122  7.88  122 



aJ 
I 

B a s i s - o f -  
Compar i son  

LL/O 5000 
C H I  3200 
WELL 7000 

LAKE SUPERIOR 
F e e t   T c f s  

Mean 
Xaximurn 
Min h u m  
Range  

r 
LAKES MICHIGAN-HURON 

600.44  78 
601.93  123 
598.69  55 

3.24 68 

Mean 578.27 185 
Maximum 581.16  232 
Min i mum 575.46  112 
Rang e 5.70 120 

LAKE ERIE 

Me a n  570.76  207 
Maximum 573.60  270 
Minimum 568.10 1.52 
Range  5.50 118 

LAKE  ONTARIO 
( w i t h o u t   d e v i a t i o n s )  

Mean 244.73  242 
Maximum 249.47 310 
M i n i  mum 241.59 188 
Range  7.88  122 

T a b l e  8-3 
LONG LAC/OGOKI - CHICAGO- 

WELLAND  CANAL COMBINATIONS 
(USING SUPPLY AS INDICATOR & MICHIGAR-HURON AS TRIGGER) 

SCENARIOS 
SUMMARY  OF  EXTREMES - LAKE LEVELS AND OUTFLOWS 

5 6 7 8 9 
LL/O 0 LL/O 5000 LL/O 5000 LL/O 0 LL/O 0 
C H I  3200 C H I  3200 C H I  8700 C H I  8700 C H I  8700 
WELL 7000 WELL 9000 WELL 7000 WELL 7000 WELL 9000 

F e e t   T c f s   F e e t   T c f s   F e e t   T c f s   F e e t   T c f s   F e e t   T c f s  

600.36 75 600.43 78 600.38 7 8  600.30 75 600.29 75 
601.83 122 601.93 123 601.92 123 601.83 122 601.83 122 
598.42 55 598.68 55 598.60 55 598.34 55 598.31 55 

3.41  67  3.25  68  3.32 68 3.49 67 3.52 67 

578.11 183 578.25 185 578.10 182 577.94 180 577.92 180 
580.92 228 581.10 232 580.86 228 580.61 225 580.59 225 
575.39 111 575.46 112 575.40 111 575.32 110 575.31 110 

5.53  117  5.64  120  5.46  117  5.29  115  5.25  115 

570.65 205 570.71 207 570.64 205 570.53 202 570.48 202 
573.44 267 573.50 270 573.40 266 573.24 262 573.15 262 
568.05 151 568.09 152 568.05 .151 568.00 150 568.00 150 

5.39  116  5.41 118 5.35  115 5.24 112 5.15 112  

244.64 240 244.73 242 244.64 240 244.55 237 244.55 237 
248.53 310 249.44 310 248.40 310 248.05 310 248.07 310 
241.18 188 241.52 188 241.19 188 240.74 188 240.74 188 

7.35  122 7.92 122  7.21  122  7.31  122  7.33  122 

10 
LL/O 5000 
C H I  3 2 0 0  
WELL 2600 

F e e t  Tcf s 

600.4 5 78 
601.93  123 
598.70  55 

3.23  68 

578.31  185 
581.17  232 
575.53  113 

5.64  119 

570.86  207 
573.62  271 
568.31  151 

5.31  120 

244.74 242 
249.58 310 
241.47 188 

8.11 122 



p r e s e n t s   t h e   r e s u l t s  of r e p r e s e n t a t i v e   s c e n a r i o s   s e l e c t e d   f r o m   t h e   t o t a l  
array o f   c o n d i t i o n s   e v a l u a t e d .  The t a b l e  shows t h a t   t h e   g r e a t e s t   l o w e r i n g  
of t h e  maximum l e v e l s   o c c u r s   u n d e r   S c e n a r i o  9. T h i s   s c e n a r i o   r e d u c e s   t h e  
Long Lac/Ogoki   Divers ions   to   zero ,   increases   the   Lake   Michigan   Divers ion  a t  
Chicago  to  8,700 c f  s, and   increases   the   Wel land   Canal   to   9 ,000  c f s  and is  
r e f e r r e d   t o   h e r e a f t e r  as the   maximum-effec t   d ivers ion   scenar io .  Under t h i s  
s c e n a r i o ,   a l t e r a t i o n  of t h e   d i v e r s i o n  rates would  occur  each time t h e  water 
supply  to  Lakes  Michigan-Huron rises above  normal. The r e s u l t s  show t h a t  
by t h i s   t e c h n i q u e ,   t h e  maximum l e v e l  of Lake  Superior  would  be  lowered  0.10 
foot,   Lakes  Michigan-Huron by 0.57 foot ,   Lake  Erie by 0.45  foot,   and  Lake 
O n t a r i o  by 1.4 f e e t .  The l a r g e   e f f e c t  on Lake  Ontar io  i s  due t o   o p e r a t i n g  
unde r   t he   f i xed  maximum and minimum releases o f   Regu la t ion   P l an  1958-D and 
r e f l e c t s   t h e   f u l l  impact of a l l  u p s t r e a m   a c t i o n s .  

S c e n a r i o  6 d e m o n s t r a t e s   t h e  smallest impact  on t h e   h i g h   l e v e l s ,  
s i n c e   t h a t   s c e n a r i o  would  modify  the water s u p p l y   t h e  l eas t ,  ( i n c r e a s i n g  
the   Wel land   Canal   Divers ion  by 2,000 cf s ) .  It h a s  no e f f e c t   o n   t h e  Lake 
S u p e r i o r  maximum l e v e l  and  would  lower  the maximum l e v e l s   o f   L a k e s  
Michigan-Huron by 0.06 f o o t ,  Lake Erie by 0.10  foot ,   and Lake O n t a r i o  by 
0.03 f o o t .  

Scenar io   10 ,   which   reduces   the   f low  through  the   Wel land   Canal  
d u r i n g   p e r i o d s  of  below  normal water supp ly ,  was developed   to   de te rmine   the  
d e g r e e   t h a t   l o w   l e v e l s   c o u l d   b e   s u p p o r t e d .  The s c e n a r i o  shows t h a t   t h e  
minimurLl and mean l e v e l s  of   Lake  Superior   would  be  ra ised by 0 .01   foo t ,  
Lakes  Michigan-Huron minimum r a i s e d  by 0.07 f o o t   a n d   t h e i r  mean  by 0.04 
foo t ;   and  Lake Erie minimum r a t s e d  by 0.21 f o o t  and i t s  mean by 0 .10   foo t .  
The e f f e c t s  Oi l  t h e  maximum l e v e l s  of t h e s e   l a k e s  a re  0 .02   foo t   o r  less. A 
v a r y i n g   e f f e c t  is shown  on L a k e   O n t a r i o ;   t h a t  is ,  i t s  minimum i s  lowered 
0.12  foot  and i t s  mean and maximum r a i s e d  by  0.01  and 0.11 f o o t ,  
r e s p e c t i v e l y .   T h i s   v a r y i n g   e f f e c t  i s  due   to   the   manner   in   which   the  
o u t f l o w s  are manipula ted   under   regula t ion  of t h a t   l a k e .  

An e v a l u a t i o n  of t he  effect  on the Illinois Waterway ( F i g u r e  4 - 3 )  
of   an   i nc reased  Lake Y i c h i g a n   D i v e r s i o n  a t  Chicago  to  8,700 cf s was c a r r i e d  
out   based on c o m p u t e r   s i m u l a t i o n s   a n d   u t i l i z i n g   t y p i c a l   l o w ,   a v e r a g e   a n d  
h i g h   y e a r l y   f l o w   d a t a .  The m a j o r   e f f e c t   f r o m   t h e   i n c r e a s e d   d i v e r s i o n  of 
8,700 cfs  would bc a n  increase i n   t h e   w e e k l y   a v e r a g e  water levels.  
Increases   ranged  f rom s i x  f e e t  a t  t h e   S t a r v e d  Rock s t a t i o n   t o   f o u r   f e e t  a t  
t h e  Henry  and  Havana  Stations.  

The i n c r e a s e s   i n   t h e  water l e v e l  were most v a r i a b l e   d u r i n g   a n  
a v e r a g e   f l o w   y e a r   a n d  most c o n s i s t e n t  during a low  f low  yea r .  An a n a l y s i s  
of a h igh   f l ow  yea r  was n o t   d o n e ,   d u e   t o   t h e   h i g h   i m p r o b a b i l i t y  of the 
i n c r e a s e d   d i v e r s i o n   o c c u r r i n g   d u r i n g   t h i s   p e r i o d  of f l o w   b e c a u s e   n a t u r a l  
f lows   exceeded   bankfu l l   condi t ions .   Dur ing   bankfu l l   per iods   increased  
d i v e r s i o n   w o u l d   b e   c u r t a i l e d  so as t o   a l l e v i a t e   a n   i n c r e a s e   i n   f l o o d i n g  
c o n d i t i o n s .  
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In   add i t ion   t o   t he   i nc reased  water l e v e l ,   i n c r e a s e d   v e l o c i t i e s   i n  
the  backwater areas of the  middle  and lower  reaches would r e s u l t .   S t u d i e s  
based on a model  developed by the  Chicago District, Corps  of Engineers ,  
h a v e   p r e d i c t e d   v e l o c i t y   i n c r e a s e s  of abou t   15   pe rcen t   du r ing  non-f lood 
p e r i o d s   f o r   t h e   I l l i n o i s   R i v e r   n e a r   P e o r i a .  

The f i n a l   m j o r   c o n s e q u e n c e   a r i s i n g  from t h e   i n c r e a s e d   d i v e r s i o n  
would  be t h e   i n c r e a s e d   s u r f a c e  area and  volume of backwater lakes. A s t u d y  
by I l l i n o i s   N a t u r a l   H i s t o r y   S u r v e y  (INHS) i n d i c a t e s   t h a t   d u r i n g   h i g h   f l a w  
cond i t ions ,   bo t tomland   l akes  w i l l  expand,   submerging  adjacent   mudflats .  
For   example ,   the   Peor ia   Pool  and the  LaGrange  Pool  will gain   approximate ly  
6,000 and 10,000 acres of backwater area, r e s p e c t i v e l y ,  due t o   t h e  
i n c r e a s e d   d i v e r s i o n .  

8.5.1.3 Basis-of-Comparison  Evaluation 

S e c t i o n  5 o f   t h i s   r e p o r t   d o c u m e n t s   t h e   s e l e c t i o n  of t h e   s t u d y  
per iod  and the e s t a b l i s h m e n t  of a basis-of-comparison.   Pr ior   subsect ions 
o f   t h i s   s e c t i o n   o u t l i n e d   t h e   s e l e c t e d   d i v e r s i o n   s c e n a r i o s   w h i c h  were 
eva lua ted   aga ins t   tha t   bas i s -of -compar ison .   S ince   the  start of t h e   s t u d y  
i n  1977, water s u p p l i e s   t o   t h e  Great Lakes  system  have  cont inued  to  be 
above  normal   and  cer ta in  management  and c o n t r a c t u a l   d e c i s i o n s   h a v e   b e e n  
i m p l e m e n t e d ,   r e s u l t i n g   i n   v a r i a t i o n s  from the  basis-of-comparison  which  in  
tu rn   a f f ec t   impac t   a s ses smen t s .  Each of these  anomolies  i s  d i s c u s s e d  
b r i e f l y  below. 

Long  LacIOgoki   Diversions.   Sect ion 4 of t h i s   r e p o r t   d e s c r i b e s  
the  exchange of no tes   in   1940  be tween  the   Governments   o f  Canada  and t h e  
U n i t e d   S t a t e s ,  as r e l a t e d   t o   t h e s e  two d i v e r s i o n s  and the  Canadian 
c o n s i d e r a t i o n   f o r  power d i v e r s i o n  on t h e   N i a g a r a   R i v e r   r e l a t e d   t h e r e t o .  By 
t h i s  exchange of notes,   which is a l s o   r e f e r r e d   t o   i n   t h e   N i a g a r a   T r e a t y   o f  
1950,   Ontar io  Hydro was a u t h o r i z e d  by the  Canadian  Government ,   wi th   the 
concurrence  of the   Uni ted   S ta tes   Government ,   to   use  a t  t h e  power g e n e r a t i o n  
s t a t i o n s  located on the  N i a g a r a  River,  or i n  the  Wel land  Canal, 5,000 cfs 
o f   t h e  wter  d iver ted   f rom  the   Albany  Mver   bas in .  The f i g u r e  o f   5 ,000   c f s  
was an estimate of t he   ave rage   f l ow  tha t  would  be d i v e r t e d .  The a c t u a l  
d i v e r s i o n s   s i n c e   t h e i r   i n c e p t i o n   h a v e   a v e r a g e d  5,600 c f s .   Tab le  8-4 
(Scenar io  11) shows t h e   e f f e c t s  of t h e   a d d i t i o n a l  600 c f s  on t h e  
basis-of-comparison.  The  table shows t h a t   t h e  mean, maximum and minimum of 
a l l  l a k e s  would  be higher   than  the  adopted  basis-of-comparison.  On Lakes 
Superior,  Michigan-Huron  and Erie t h i s   i n c r e a s e  i s  not  mre  than 0.04 f o o t .  
The maximum and minimum leve l s   o f   Lake   On ta r io  would be h i g h e r  by 0.13 and 
0.10 f o o t ,   r e s p e c t i v e l y .  The r e l a t i v e l y   l a r g e r   e f f e c t s  on the   ex t r eme  
l e v e l s  o f  Lake  Ontario i s  expla ined  by t h e   s i z e  of t h e   l a k e  i n  r e l a t i o n   t o  
o t h e r   l a k e s  of the   sys tem and t h e   f a c t   t h a t   t h i s   l a k e  i s  regu la t ed   and   has  
f i x e d  minimum and maximum releases. 

Welland  Canal.   Figure 4-6 of   Sec t ion  4 shows t h e  amount of water 
d iver ted   f rom  Lake  Erie th rough   t he   Wel l and   Cana l   ove r   t he   h i s to r i c   pe r iod .  
As n o t e d   i n   S e c t i o n  4, t h e   r a p i d   i n c r e a s e  of water r equ i r emen t s   i n   t he  
canal   ended  in   about   1951  and  f luctuated  above and  below  an  average of 
7,000 cf s ( the  actual   average  f rom  1950-1976 was 7,600  cfs) .  The s e l e c t i o n  
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T a b l e  8 - 4  

SUMMARY OF EXTRFHES 
COMPARISON OF  VARIANCE I N  BASIS-OF-COMPARISON  VALUES 

S CE NARIOS 
Basis-of- 

LL/O 5000 LL/O 5600 LL/O 5000 LL/O 5600 
C H I  3200 C H I  3200 C H I  3200 C H I  3200 
WELL 5000 WELL 7000 WELL 9400 WELL 9400 

Comparison 11   12   13  

LAKE SUPERIOR 

F e e t   T c f  s F e e t   T c f  s F e e t   T c f  s F e e t  T c f  s 

Mean 
Maximum 
Minimum 

co Rang e 
I 

\D w(ES MICHIGAN-HURON 
w 

Me an 
Maximum 
Minimum 
Range 

LAKE ERIE 

?lean 
Maximum 
Minimum 
Rang e 

LAKE ONTARIO 
Mean 
Maxi mum 
Minimum 
Range 

600.44 78 60 0.46 78 600.42 78 60 0.44 7 8  
601.93 1 2 3  601.95 123 601.93 123 601.95 123 
598.69 55 59 8.73 55  598.66 55 598.72 55  

3.24  68  3.22  68  3.27  68  3.23  68 

578.27  185 
581.16 232 
575.46  112 

5.70 120 

570.76 207 
573.60  270 
568.10  152 

5.50  118 

244.73 242 
249.47  310 
241.59  188 

7.8%  122 

578.3 1 186 578.22 185 578.26 186 
581.19 23 3 581.10 23 2 581.14 233 
575.50 113 5 75.42 112 575.47 113 

5.69 12 0 5.68 120 5.67 120 

570.78 208 570.64 207 570.67 208 
573.63 271 573.49 270 573.52 271 
568.12 152 56 7.97 152 568.00 152 

5.51 1 19 5.52 1 18 5.52  119 

244.75 24 3 244.73 242 244.75 243 
249.60 310 249.42 310 249.62 310 
241.69 188 24 1.59 188 241.69 188 

7.91  122  7.83  122  7.93  122 



of the   7 ,000   c f s   va lue   fo r   t he   bas i s -o f - compar i son  was f a i r l y  
r e p r e s e n t a t i v e  of c o n d i t i o n s   e x i s t i n g   i n   1 9 7 7 ,  a t  t h e   s t u d y ’ s   i n c e p t i o n .  
However,   development  since  1976 5as f u r t h e r   i n c r e a s e d  water needs of u s e r s  
of t h e   c a n a l   ( s e e   F i g u r e  4-6). The n e t   e f f e c t  of these  changes  has  been t o  
increase   the   average   f low  (over   the   per iod   1950-1980)   th rough  the   Wel land  
Canal   f rom  7 ,600   (1950-1976  average)   to   about   7 ,800   c fs .   Curren t ly   (1980)  
t h e  power requi rements  are abou t   6 ,900   c f s ;   nav iga t ion   r equ i r emen t   has  
r i s e n   s t e a d i l y   a n d  is  c u r r e n t l y   a b o u t   1 , 3 0 0   c f s ;  and the  water needed f o r  
domest ic   supply and d i l u t i o n  i s  i n   t h e   o r d e r  of 1 , 0 0 0   c f s ;   f o r  a t o t a l  
Wel land   Canal   Divers ion   of   9 ,200   c fs   ( see   F igure  4 4 3 ) .  Based on t h e  
p ro jec t ed   nav iga t ion   r equ i r emen t   i n   t he   fu tu re ,  i t  i s  e x p e c t e d   t h a t   t h e  
f low  th rough   t he   cana l   cou ld  rise t o  9,400 cfs.  

Table 8-4 ( S c e n a r i o   1 2 )  shows t h e   e f f e c t  of t h e   9 , 4 0 0   c f s  r a t e ,  
i n  comparisop  to   the  7 ,000  cfs   employed  in   the  basis-of-comparison.  The 
t a b l e  shows t h a t   t h e  mean , maximum and minimum l e v e l s  would  have  s tayed  the 
same o r  would  have  been  lowered by as much as 0.10 f o o t .  On Lake   Supe r io r  
the   range  would be inc reased   by  0.03 foo t ,   Lakes  Michigan-Huron decreased  
by  0.02 f o o t  , Lake Erie i n c r e a s e d  by 0.02 f o o t  and on Lake   Ontar io  
decreased  by 0.05 f o o t .  

Combined  Long  Lac/Ogoki  Diversions  and  Welland  Canal.  The 
combined   hydro logic   e f fec t  of the   above -no ted   va r i a t ions   f rom  the   s e l ec t ed  
basis-of-comparison,  i s  shown on  Table  8-4 under   Scenar io  13. The t a b l e  
shows no change   t o   t he   man  level of Lake  Superior ,   which i s  r e g u l a t e d ;  a 
r a i s i n g  of t h e  mean l e v e l  by 0.02 f o o t  on regula ted   Lake   Ontar io ;   and  a 
lowering of t h e   l e v e l s  on t h e   u n r e g u l a t e d   l a k e s  by less than  0 .10  foot .  On 
Lake  Superior   the  impact  would i n c r e a s e   t h e  maximum and minimum l e v e l  by 
0.02 f o o t  and 0.03 foot ,   respec t ive ly ;   on   Lakes   Michigan-Huron ,  lower t h e  
maximum l e v e l  by 0.02 f o o t   a n d   i n c r e a s e   t h e  minimum l e v e l  by 0.01  foot ;   on 
Lake Erie, lower   t he  rnaximurn and minimum l e v e l s  by 0.08  and 0.10 f o o t  
respec t ive ly ;   and   on   Lake   Ontar io  raise t h e  maximum and minimum l e v e l s  by 
0.15 f o o t  and 0.10 f o o t   r e s p e c t i v e l y .   A g a i n ,   t h e   r e l a t i v e l y   l a r g e   e f f e c t s  
on t h e   e x t r e m e   l e v e l s  of Lake  Ontario are due t o   r e g u l a t i o n  with f i x e d  
maximum and minimum releases. 

8.5.2  Economic  Effects  

The   de ta i led   economic   eva lua t ion   presented   here in  was performed by t h e  
I n t e r n a t i o n a l   L a k e  Erie Regulation  Study  Board,  using  the  methodology 
d e s c r i b e d   b r i e f l y  i n  S e c t i o n  8.3 .  As noted  above,  Scenarios  2,  3 and 4 
were no t   economica l ly   eva lua ted ,   s ince   t hese   eva lua t ions  would e n t a i l  
d e t e r m i n i n g   t h e   c o s t s  of development of an a l t e r n a t e  water s u p p l y   f o r   t h e  
Ci ty  of Chicago  and  for   other  modes of t ranspor ta t ion   be tween  Lakes  Erie 
and  Ontar io .   This  exercise i s  beyond the   scope  of t h i s   s t u d y  and hence 
t h o s e   s c e n a r i o s  are n o t   r e f e r r e d   t o   i n   t h e   f o l l o w i n g   d i s c u s s i o n .  

8.5.2.1 E x i s t i n g   D i v e r s i o n s  

Table  8-5 summarizes  the  economic  impacts on t h e   c o a s t a l   z o n e ,  
nav iga t ion   and  power interests, assuming  the Long Lac/Ogoki   Diversions were 
non-exis ten t   (Scenar io  1 ) .  The t a b l e  shows a n n u a l   b e n e f i t s   t o   c o a s t a l   z o n e  
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Coas ta l   Zone  
U n i t e d   S t a t e s  
Canada 
S u b t o t a l  

N a v i g a t i o n  
U n i t e d   S t a t e s  
Canada 
S u b t o t a l  

Power 
U n i t e d   S t a t e s  
Canada 
S u b t o t a l  

T a b l e  8-5 
SUMMARY OF ECONOMIC IMPACTS 

EXISTING DIVERSIONS 
(ANNUAL VALUES IN $1000)  

SCEMRIO 1 
(LL/O-0; Chi-3200;  Well-7000) 

+ 3,818 
+ 980 
+ “ m  

-1 1 , 3 6 9  
- 6,226 
-1 7,5  95 

-14,557 
-25; 689 
-40,246 

To ta 1* -53,043 

*Not i n c l u d e d  i s  a n   e s t i m a t e d  $4,000,000 a n n u a l  l o s s  to  the p u l p   a n d   p a p e r  
i n d u s t r y  on the  Aguasahon River. 
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i n t e r e s t s  of $4.8 m i l l i o n ,   w i t h   l o s s e s   t o   n a v i g a t i o n  interests  of  $17.6 
mi l l i on   and   t o  power interests o f  $40.2 m i l l i o n .  The t a b l e   f u r t h e r  shows 
t h a t   b e n e f i t s   d e r i v e d  by t h e   c o a s t a l   z o n e  interests  would  accrue  mainly  to  
t h e   U n i t e d   S t a t e s ,   w h i l e   t h e   l o s s e s   t o  power interests would be 
predominate ly   Canadian .   In   to ta l ,   the   annual   va lue  of losses   exceed  
economic   benef i t s  by a b o u t   $ 5 7 . 0   m i l l i o n ,   i n c l u d i n g   t h e   l o s s   t o   t h e   p u l p  
and paper i n d u s t r y   l o c a t e d  on the  Aguasahon  River.  

8 .5 .2 .2   Vary ing   the   Exis t ing   Divers ion  Rates 

Tab le  8-6 summr izes   t he   economic   impac t s  on t h e   c o a s t a l   z o n e ,  
n a v i g a t i o n ,  power a n d   r e c r e a t i o n a l  interests on t h e  Great Takes when t h e  
d i v e r s i o n s  are mnaged   t o   change   t he   r eg ime  of Great Lakes   l eve ls   and  
ou t f lows .  The t a b l e  shows t h a t  i n  a l l  cases ( e x c e p t   S c e n a r i o  10)  b e n e f i t s  
would accrue t o   t h e   c o a s t a l   z o n e   a n d   r e c r e a t i o n a l   b e a c h   i n t e r e s t s .  Also ,  
l o s s e s  would a c c r u e   i n  a l l  cases ( excep t   Scena r io   10 )   t o   commerc ia l  
n a v i g a t i o n  interests  and r e c r e a t i o n a l   b o a t i n g  interests.  A similar p a t t e r n  
e x i s t s   f o r  power interests,  excep t   unde r   Scena r io  6 which  provides  a n e t  
b e n e f i t .  Overall, t h e   t a b l e  shows t h a t   l a r g e  n e t  economic losses result t o  
t h e   u s e r s  of t h e   s y s t e m   w h e n e v e r   t h e   d i v e r s i o n s  are managed t o  a l t e r  the 
water s u p p l y   t o   t h e  Great Lakes. Only under   Scena r ios  6 and 10, which 
a l t e r  only   the   f low  through  the   Wel land   Canal ,  is  t h e  l o s s  r e l a t i v e l y  small 
o r  a n e t  economic g i n   ( S c e n a r i o   6 )   r e a l i z e d .   S c e n a r i o  9, which   provides  a 
maximum net   economic   ga in   to   coas ta l   zone   and   recrea t iona l   beach  interests 
o f  a b o u t   $ 7 . 8   m i l l i o n ,   p r o d u c e s   l o s s e s   t o   t h e   o t h e r   i n t e r e s t s ,   i n c l u d i n g  
t h e   p u l p   a n d   p a p e r   i n t e r e s t s  on t h e  Aguasabon,  of  $80.7  million. All o t h e r  
s cena r ios   p roduce  lesser impacts. 

One of the  major  results of an   increased   Lake   Michigan   Divers ion  
a t  Chicago i s  t h e   o v e r a l l   c h a n g e   i n   t h e  economy  of t h e   I l l i n o i s  Waterway. 
F i v e  m j o r  concerns are: commerc ia l   naviga t ion ,  power g e n e r a t i o n ,  
r e s iden t i a l   f l ood   damages ,   i nc reased   pumping   cos t s   fo r  the a g r i c u l t u r a l  
s y s  tem and i n c r e a s e d   c o s t s   t o   l o c a l  duck clubs.  

Comtrercial   navigat ion on t h e   I l l i n o i s  Waterway i s  a f f e c t e d   b o t h  
b e n e f i c i a l l y   a n d   a d v e r s e l y .   I n c r e a s e d  water e l e v a t i o n s   l e a d   t o   s a v i n g s   f o r  
s h i p p e r s  by d e c r e a s i n g   l o c k a g e   d e l a y s ;   h o w e v e r ,   v e l o c i t i e s   a s s o c i a t e d   w i t h  
f low  inc reases   cause   t i e -up  time to   increase   and   reduce   the   speed   on  
ups t r eam  t r ave l .   Neve r the l e s s ,  a s tudy  of t h e   c o s t s   i n v o l v e d   i n d i c a t e d  
t h a t   b e n e f i t s   t o   c o m m e r c i a l   n a v i g a t i o n  w i l l  be   $154,00O/year   for   the  
increase t o   8 , 7 0 0   c f s .  

I m p a c t s   t o   r e c r e a t i o n a l   b o a t i n g  on the  waterway are  e x p e c t e d   t o  
be   min imal .   Veloc i ty   increases  are n o t   s u f f i c i e n t   t o   i m p a c t  on boa t   u sage ;  
a d d i t i o n a l  water areas will become a v a i l a h l e   f o r   u s e  by shallow d r a f t   b o a t s  
i n  t h e   l o w e r   r i v e r   r e a c h e s .  

An i nc reased   d ive r s ion   p rov ides   bo th   bene f fc i a l   and   adve r se  
r e s u l t s   f o r  power generat ion  a long  the  waterway.  The Lockport   power  plant  
s t a n d s   t o   b e n e f i t   f r o m   i n c r e a s e d   o u t p u t   p o t e n t i a l   d u e   t o   t h e   i n c r e a s e d  
f low;  however ,   the  Marsailles power p l a n t  will s u f f e r  losses, due   t o  
s u r p a s s i n g  i t s  optimum  usage a t  the inc reased   f l ow rate w i t h   c o n c u r r e n t  
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C o a s t a l  Zone 
U n i t e d   S t a t e s  
Canada  
S u b t o t a l  

N a v i g a t i o n  
U n i t e d   S t a t e s  

03 Canada 
I S u b t o t a l  

Powe r 

N 
w 

U n i t e d   S t a t e s  
Canada  
S u b t o t a l  

R e c r e a t i o n a l   B o a t i n g  ( 1  ) 
U n i t e d   S t a t e s  
Canada 
S u b t o t a l  

R e c r e a t i o n a l   B e a c h e s  ( 1 )  
U n i t e d   S t a t e s  
Canada 
S u b t o t a l  

T o t a l  

*Data n o t   a v a i l a b l e .  

5 

C H I  3200 
WELL 7000 

LL/O 0 

2,544 
84 1 

3,385 

-4,432 

-6,622 
-2,190 

-6,888 
-1 3,129 
-20,017 

-5 79 

-5 79 
* 

75 6 

75 6 
* 

T a b l e  8-6  
SUMMARY OF ECONOMIC IMPACTS 

VARY I NG DIVERS I O N  RATES 
(ANNUAL VALUES I N  $1000)  

SCENARIOS 

6 
LL/O 5000 
CHI  3200 
WELL 9000 

499 
84 

58 3 

-3 85 
-205 
-5 90 

-3 7 

973 
1 ,010 

-2 53 * 
-2 53 

61 0 

61 0 
* 

-2 3,077**  1,323 

7 8 
LL/O 5000 LL/O 0 
CHI 8700 C H I  8700 
WELL 7000 WELL 7000 

2,722  4,519 
85 7 1,091 

3,579  5,610 

-3,912 -8,745 
-1,874 -4,362 
-5,7  86 -1 3,107 

-3 7,381 -44,449 

-4 1,400 -61,985 
4,o 19 -1 7,5  36 

-7 67 * 
-767 

65 9 

65 9 
* 

* 
* * 

* 
* 
* 

-43,715 -6 9,482** 

9 
LL/O 0 
C H I  8700 
WELL 9000 

4,883 
1 ,134 
6,017 

-9,143 
-4,617 

-1 3,7  60 

-44,527 
-1 6,808 
-61,335 

-1,635 

-1,635 
* 

1,807 

1,807 
* 

-68,906** 

1 0  
LL/O 5000 
C H I  3200 
WELL 2600 

-69 6 
-1 29 
-82 5 

1 ,252 
77 4 

2,026 

1 9  
-3,991 
-3,972 

* 
* * 

* 
* 
* 

-2,77 1 

*%ot  i n c l u d e d  is an   e s t ima ted  $4,000,000 a n n u a l  loss to t h e  pulp and paper i n d u s t r y  on t h e  Aguasahon River. 

( 1 )  O n l y   t h e  area b e l o w  Lake  Huron. 



r e d u c t i o n s   i n   n e t   h e a d .  Overall though ,   t he   ne t   bene f i t s   t end   t o   f avor   t he  
i n c r e a s e d   d i v e r s i o n ,  a t  8 , 7 0 0   c f s ,   t h e   n e t   b e n e f i t s  are e s t i m a t e d   t o   b e  
$337,000. 

Resident ia l   f lood  damages  a long  the  waterway are expec ted   to  
i n c r e a s e   w i t h   t h e   i n c r e a s e d  water levels. Resident ia l   damages were 
de termined   for   each   re ference   po in t   a long   the   waterway.   Annual   incrementa l  
damages were then  computed  for  both  low  and  average  f low  years.  The 
r e s u l t s   i n d i c a t e   t h a t   f o r  low  f low  years   the   losses   would   be   $493,00O/year  
a n d   f o r   a v e r a g e   f l o w   y e a r s   t h e   l o s s e s  would  be  $301,00O/year.  Incremental 
f lood   damages   due   to   the   d ivers ion   would   no t   occur   dur ing  a h i g h   f l o w   y e a r ,  
s i n c e  no i n c r e a s e d   d i v e r s i o n  would  be  allowed. 

The I l l i n o i s  Waterway a g r i c u l t u r a l   s y s t e m  w i l l  be a f f e c t e d  by t h e  
h i g h e r   r i v e r   l e v e l s   d u e   t o   t h e   f a c t   t h a t  pumping to   dewater   l eveed   fa rm 
land  w i l l  i n c r e a s e .  Pumping c o s t s  increase approximately  $55,00O/year 
during  low  f low,   and  $35,00O/year   during  average  f low.   Another   effect  will 
b e   c r o p   l o s s   a n d   t h e   r e d u c t i o n   i n   o u t p u t .  

Commercial  timber  production in   t he   wa te rway ' s   bo t tomland   and  
f o r e s t s  i s  expec ted   to  be  impacted  through a r e d u c t i o n  of access t o   t h e  
f o r e s t s   a n d   r e d u c t i o n s   t o   t h e   l i f e   e x p e c t a n c y  of bottomland  t imber.  

The f i n a l  economic  concern  to   be  addressed i s  t h e   l o s s  which w i l l  
b e   s u f f e r e d  by loca l   duck   c lubs .   Increased   f looding   and  pumping c o s t s  will 
be i n c u r r e d   i m p a c t i n g   o n   t h e i r   c o n t r o l l e d   m a r s h l a n d s .  Some h a b i t a t  
d e s t r u c t i o n  may a l s o   o c c u r .  

8.5.2.3  Changes i n   t h e  Basis-of-Comparison 

A s  no ted   i n   Sec t ion   8 .5 .1 .3 ,   d ive r s ion  rates s e l e c t e d   f o r   u s e   i n  
the  basis-of-comparison  have  not   remained a t  t h e   s e l e c t e d   l e v e l s   s i n c e   t h e  
s tar t  of t he   s tudy ,   r e su l t i ng   i n   economic   impac t s   on   t he   va r ious   u se r s  of 
the  system.  Table  8-7 presents   the   economic   impacts   der ived  by comparing 
the  adopted  basis-of-comparison rates with an   ad jus ted   bas i s -of -compar ison  
( w h i c h   i n c l u d e   t h e   e f f e c t s  of these  changes) ,   assuming  they would have 
ex i s t ed   ove r   t he   t o t a l   s tudy   pe r iod   (1900-1976) .  

Table  8-7 shows t h a t  if t h e  Long Lac/Ogoki   Diversions  (Scenario 
11)   had   provided   in f lows   to   the   sys tem  (over   the   s tudy   per iod)  a t  a n  
average  of 5 ,600  cf  s r a t h e r   t h a n   t h e   a d o p t e d  ra te  of 5,000  cf s, an   ave rage  
a n n u a l   n e t   b e n e f i t   t o   t h e   s y s t e m  of $11 .3   mi l l ion  would have  been  produced. 
T h i s   f i g u r e   r e s u l t s   f r o m   l o s s e s   t o   t h e   c o a s t a l   z o n e   i n t e r e s t s  of $0.7 
m i l l i o n   a n d   b e n e f i t s   t o   n a v i g a t i o n   a n d  power of $12.0 m i l l i o n .   S c e n a r i o  1 2  
i n d i c a t e s   t h e   e f f e c t  of i nc reases   i n   f l ow  in   t he   Wel l and   Cana l   f rom  7 ,000  
c f s   t o  9,400 c f s .  The t a b l e  shows n e t   a n n u a l   b e n e f i t s   t o   c o a s t a l   z o n e   a n d  
power i n t e r e s t s  of $2 .6   mi l l i on ,   and  losses t o   n a v i g a t i o n   i n t e r e s t s  of $2.0 
m i l l i o n ,   f o r  a ne t   ave rage   annua l   bene f i t   o f   $0 .5   mi l l i on .   Scena r io   13  
combines  both  these  impacts  and shows t h a t   t h e   l o s s e s   t o   c o a s t a l   z o n e  
i n t e r e s t s   r e s u l t i n g  from t h e  Long L a c / O g o k i   i n c r e a s e ,   a n d   t h e   l o s s e s   t o  
nav iga t ion   i n t e re s t   f rom  the   i nc reased   Wel l and   Cana l   f l ow  have   been   a lmos t  
o f f se t .   Th i s   s cena r io   p roduces   ne t   annua l   bene f i t s   t o   coas t a l   zone ,   power ,  
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T a b l e  8-7 
SUMMARY OF ECONOMIC IMPACTS 

VARIANCE I N  BASIS-OF-COMPARISON VALUES 
(ANNUAL VALUES I N  $1000) 

SCENARIOS 

1 1  
LL/O 5600 
C H I  3200 
WELL 7000 

Coastal Zone 
U n i t e d   S t a t e s  -5 02 
Canada -175 
Sub t  o t a1 -67 7 

N a v i g a t i o n  
U n i t e d   S t a t e s  1,185 
Canada 604 
S u b t o t a l  1,789 

Powe 1: 
U n i t e d   S t a t e s  8,O 71 
Canada 2,159 
S u b t o t a l  10,230 

R e c r e a t i o n a l   B o a t i n g  ( 1 )  
U n i t e d   S t a t e s  
Canada 

* 
* 

R e c r e a t i o n a l   B e a c h e s  ( 1  
U n i t e d   S t a t e s  
Canada 

* 
* 

T o t a l  11,342 

(1 ) Only the area below Lake  Huron. 

*Data n o t   a v a i l a b l e .  

12 
LL/O 5000 
C H I  3200 
WELL 9400 

895 
154 

1,049 

-1,266 
-748 

-2,014 

36 
1,482 
1,518 

* 
* 

* 
* 

553 

13 
LL/O 5600 
C H I  3200 
WELL 9400 

349 
-73 
27 6 

-2 9 
-133 
-162 

8,O 64 
3,702 

11 ,766 

-23 2 * 

59 1 * 
12,239 
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and r e c r e a t i o n a l   b e a c h   i n t e r e s t s  of $12 .6   mi l l ion ,  and l o s s e s   t o  commercial 
n a v i g a t i o n   a n d   r e c r e a t i o n a l   b o a t i n g   i n t e r e s t   o f  $0.4 m i l l i o n ,   f o r  a n e t  
a v e r a g e   a n n u a l   b e n e f i t   t o   t h e   s y s t e m  of $12.2  mil.lion. 

8 .5 .2 .4   Sens i t i v i ty   Ana lyses  of Power  Impacts 

T a b l e s  8-5, 8-6 and 8-7 show t h a t   u n d e r   e a c h  of t h e   c o n d i t i o n s  
eva lua ted ,   the   major   impact  of changes i n  t h e   d i v e r s i o n  rates is  on t h e  
power  industry.  In a d d i t i o n ,  as n o t e d   i n   t h e   e v a l u a t i o n   m t l m d o l o g y ,   t h e r e  
was a l a r g e   d i f f e r e n c e  i n  t h e   v a l u e  of replacement power used   fo r   t he  
U n i t e d   S t a t e s  as compared  to   that  f o r  Canada.  This  prompted a s e n s i t i v i t y  
ana lys i s   employing  the c o s t  of an a l ternat ive source  oE replacement  power 
for   the  United  States   namely,   purchased  hydro-power  f rom  Canada.  The 
s e l l i n g  price of exported  Canadian  energy is  c u r r e n t l y   a r o u n d   3 0  m i l l s / K W H ,  
whereas   the   cos t  of oi l -produced  energy  in  New York S t a t e  i s  approximately 
110 m i l l s / K W H .  * Apply ing   t he   Canad ian   s e l l i ng   p r i ce   t o   t he   d ive r s ion  
management  scenario  having the greatest d o l l a r   i m p a c t   ( S c e n a r i o  8 - Long 
Lac/Ogoki-O cfs ;   Chicago-8,700  cfs ;   Welland-7,000  cf  s )  would y i e l d  a 71 
percent r e d u c t i o n   i n   t h e   v a l u e  of power l o s s e s   t o   t h e  New York system,  from 
$ 4 4 . 4   m i l l i o n   t o   $ 1 2 . 9   m i l l i o n  (see Table  8-8)  and would i n c r e a s e   t h e   v a l u e  
o f  Canadian  power  produced  in  Ontario  and  Quebec  from $15.9 and  $1.6 
m i l l i o n ,   r e s p e c t i v e l y ,   t o   $ 2 8 . 3   a n d   $ 6 . 5 ,   r e s p e c t i v e l y .  

An ad  jus  tment of t h e   f i g u r e s   p r e s e n t e d   i n   T a b l e  8-6 t o   r e f l e c t  
t h i s   a n a l y s i s   w o u l d   r e d u c e   t h e   t o t a l   r e p o r t e d   n e t   e c o n o m i c  lo s s  of $69.5 
m i l l i o n   t o  $55 .4   mi l l i on .   Desp i t e   t h i s   ad jus tmen t ,   t he   ove ra l l   e conomic  
c o n c l u s i o n  on each of t h e  nranagement scenar ios   would  remain the same; t h a t  
i s ,  each of t h e   d i v e r s i o n  management s c e n a r i o s  would  produce  net  economic 
10s ses t o   t h e   s y s  tem. 

A second comparison i s  a l s o   p r e s e n t e d   i n   T a b l e  8-8, t h a t  is, 
employing a v a l u e  of 63.06 mills/KWH f o r  replacement  power i n  the  New York 
S t a t e   s y s t e m .   T h i s   a l s o   p r o v i d e s   f o r  a r educ t ion   i n   impac t ;   however ,  i t  
does   no t   change   t he   ove ra l l   conc lus ion   t ha t   d ive r s ion  management produces 
l a rge   economic   l o s ses   t o   t he   sys t em.  

To c l a r i f y   t h e   f u t u r e   l o n g - t e r m   d i r e c t i o n  of power g e n e r a t i o n   i n  
New York, i n q u l r i e s  were made of t h e  U.S. Department  of  Energy (DOE). DOE 
i s  c o n t i n u o u s l y   s t u d y i n g   t h e   t o t a l   e n e r g y   p i c t u r e  i n  t h e   U n i t e d   S t a t e s ,  
u s ing  a v a r i e t y  of s c e n a r i o s   a n d   s e n s i t i v i t y   a n a l y s e s ,  as p a r t  of i t s  
commitment t o   b r i n g   a b o u t  a r e d u c t i o n   i n  o i l  consumption  and  dependence  on 
f o r e i g n   s o u r c e s .   E v e n t u a l   e l i m i n a t i o n  of o i l   u s e  by u t i l i t i e s  i s  a major 
o b j e c t i v e  of the DOE program.  While  there i s  no  long-term DOE p e r s p e c t i v e  
s p e c i f i c   t o  New York S t a t e ,   o n e   r e c e n t  DOE s tudy  estimates t h a t   s u b s t a n t i a l  
q u a n t i t i e s  of o i l  would s t i l l  be r e q u i r e d  by u t i l i t i e s   i n   t h e   y e a r  2000, i n  
a n  area t h a t   i n c l u d e s   t h e   b u l k  of t h e  s ta te’s  o i l - f i r e d   g e n e r a t i o n .  This 
i s  the  October   1980,   Sect ion 1% Energy  Technology  Scenarios  from the 
O f f i c e  of A s s i s t a n t   S e c r e t a r y   f o r   E n v i r o n m e n t   f o r   u s e  i n  Water Resources 

* A m o r t i z e d   c o s t   o v e r   s t u d y   p e r i o d .   F o r   d e t a i l s   r e f e r   t o   t h e   I n t e r n a t i o n a l  
Lake Erie Regulat ion  Study  Report ,   1981.   (13)  
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Table 8-8 
POWER LOSSES SENSITIVITY ANALYSES 

U t i l i t y  

Economic  Impact on Power - $ 1 , 0 0 0  (Annua l   amor t i zed   cos t )  
A s  Rep0 r t e d  * PASNY @ All Util i t ies  @ PASNY @** 
( S c e n a r i o  8 )  3 0  mills/KWH 30 m i l l s / K W H  63.06 m i l l s / K W H  

New York System - 44,425 - 12 ,862  - 12,862 - 25,808 

Ontario  Hydro - 15,896 - 15,896 - 28,310 - 1 5 , 8 9 6  

Hydro-Quebec - 1,640 - 1,640 - 6,501 - 1 , 6 4 0  

Upper Michigan - 24 - 2 4  - 21 6 - 2 4  

To ta 1 - 61,985 - 30,422 - 47,889 - 4 3 , 3 6 8  

Annual  Amortized  Cost of Replacement 
Energy - mills/KWH Peak - $/KW 

New York System 

On t a r i  o Hydro 

Hydro-Quebec 

Upper  Michigan 

11 0.6 70.0 

17.24 (day ) 

12.12 ( n i g h t  ) 

15.53 (wtd.  av. 1 33.08 

7.568 

3.36  28.33 

*As reported  numbers are based upon the  above  noted  Annual  Amortized  Cost of Replacement 
( a l s o  see S e c t i o n  8.3.3.3).  

**Annual amor t i zed   cos t  of replacement  power; mean between PASNY and Ontar io   Hydro  rate. 
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Council   assessments.   Depending on the   wor ld   o i l   p r i ce   a s sumed ,   t he   amoun t  
of t h e   f u e l   p r o j e c t e d   f o r   t h a t   y e a r  is  in   the   o rder   o f  40 m i l l i o n   b a r r e l s .  
I n  terms of Btu h e a t   c o n t e n t ,   t h i s  i s  well i n   e x c e s s  of c o a l - f i r e d  and 
nuclear   generat ion  combined.   This   would  tend  to   support  PASNY's use   o f  
o i l - f i r e d   g e n e r a t i o n   f o r   s t u d y   p u r p o s e s  as a s o u r c e  of replacement   energy 
i n  New York. Although DOE s t u d i e s   i n d i c a t e  that beyond 2000, t h e   n a t i o n ' s  
demand f o r  e lec t r ic  power will be E t  us ing  a combination of c o a l ,   n u c l e a r ,  
a n d   r e n e w a b l e   r e s o u r c e s ,   e f f o r t s   t o   p a r t i c u l a r i z e   l i k e l y   s c e n a r i o s  are 
s u b j e c t   t o  a h igh   degree  of m c e r t a i n t y  and specula t ion .  

8 .5 .3   Environmental   Effects  

Only   the   mximum-effec t   d ivers ion   scenar io  was e v a l u a t e d   f o r  
environmental   impacts .  This s c e n a r i o  would   have   the   g rea tes t   e f fec t   on  
l e v e l s  and f lows .   Lake   l eve l s   r e su l t i ng   f rom  th i s   s cena r io  are  presented 
i n   T a b l e s  8-13 and 8-14 (page  8-41). 

8.5.3.1 F i s h e r i e s  

Although  the  changes  in   lake  levels   which would occur  as a result 
o f   s e l e c t e d   d i v e r s i o n   s c e n a r i o s  are  small when compared w i t h   n a t u r a l  
f l u c t u a t i o n s ,   t h e y  may have so= e f f e c t  on f i s h ,   e s p e c i a l l y   i n   t h e   s h a l l o w  
i n s h o r e  areas of t h e  lower Great Lakes  and  connecting  channels. A review 
of t h e   l i t e r a t u r e   o n  Great L a k e s   f i s h e r y   i n d i c a t e d   t h a t   t h e r e  was a 
p a r t i c u l a r   l a c k  of f i s h e r i e s - r e l a t e d   i n f o r m a t i o n   f o r   t h e   n e a r s h o r e  area 
e s p e c i a l l y   d e a l i n g   w i t h   t h e   e f f e c t  water level   changes  would  have on f i s h  
which   use   th i s   very   p roduct ive   zone   for   spawning ,   nursery ,   feed ing ,  
ove rwin te r ing ,   o r   mig ra t ion   ac t iv i t i e s .   Because   t he   env i ronmen ta l  
e v a l u a t i o n  was l imi t ed   t o   t he   u se  of e x i s t i n g   i n f o r m a t i o n ,   t h e  
d e t e r m i n a t i o n  of cause-ef fec t   re la t ionships   be tween water level changes  and 
t h e  impacts on f i s h  was based   l a rge ly  on i n f e r e n c e  and was q u a l i t a t i v e  
r a t h e r   t h a n   q u a n t i t a t i v e .  

I n   g e n e r a l ,   t h e   f i s h e r i e s   r e s o u r c e  may b e   a f f e c t e d  by the 
implementat ion of a d i v e r s i o n   p l a n   i n   s e v e r a l  ways, i n c l u d i n g :  

( 1 )   r e d u c t i o n   o r   c h a n g e   i n   s h a l l o w  water h a b i t a t   u s e d  by f i s h  
dur ing  c r i t i c a l  s t a g e s   i n   t h e i r   l i f e   c y c l e s ;  

( 2 )  r e d u c t i o n  i n  total   hypolimnion  oxygen  resources  and  volume 
(Summer h a b i t a t   f o r   c o l d w a t e r   f i s h   s p e c i e s ) ;   a n d ,  

( 3 )  changes i n  s e a s o n a l  water l e v e l s   o r  rate of change i n  water 
l eve l s ,   e spec ia l ly   du r ing   t he   spawning   s easons .  

Change i n  Shallow Water H a b i t a t s  

Reduct ions  in  water l e v e l s   s u c h  as those  which  would  occur  with 
the   mximum-effec t   d ivers ion   mnagement   scenar io   could  result in   changes  i n  
t he   vege ta t ive   compos i t ion  of l akeshore   we t l ands   ( s ee   Wet l ands /Wi ld l i f e ) .  
General ly ,   such  changes  would become mani fes t  as a r e d u c t i o n  i n  t h e  area of 
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open water/submergent/floating leaved  vegetat ion  zones,   and as a n   i n c r e a s e  
i n   t h e  area of the  emergent  and  sedgejmeadow  zones.  These  changes  would  be 
d e t r i m e n t a l   t o  some f i s h  species s ince   the   changes   would   cause  a r e d u c t i o n  
i n   t h e   a v a i l a b l e   n e a r s h o r e   s p a w n i n g   a n d / o r   n u r s e r y  areas. The a v a i l a b i l i t y  
o f   ce r t a in   food   sou rces   cou ld   a l so   be   r educed  as l e a f y   h y d r i c   m c r o p h y t e s  
are more dense ly   popula ted   wi th   inver tebra te   forage   o rganisms  than   the  
e m r g e n t   r m c r o p h y t e s .  Lower l a k e   l e v e l s   c c u l d   r e d u c e   t h e   a v a i l a b i l i t y  of 
these   food   sources  by a l t e r i n g   t h e   a b u n d a n c e  of t h e   v a r i o u s   v e g e t a t i v e  
t y p e s  as described  above. 

The  extent   to   which  each  lake  cculd  be  affected  would  depend 
l a r g e l y  on t h e  amount of a s soc ia t ed   we t l ands   and   sha l low embayments. Of 
t h e  Great L a k e s   f i s h e r i e s ,   t h e   L a k e   S u p e r i o r   f i s h e r i e s   s h o u l d   b e   t h e  least  
a f f e c t e d  by t h e   d i v e r s i o n   s c e n a r i o  as t h e   U n i t e d   S t a t e s   s h o r e l i n e   o f   L a k e  
S u p e r i o r   h a s  a wry l i m i t e d   l i t t o r a l   z o n e  and t h e   C a n a d i a n   s h o r e l i n e   h a s  
almost  none.  Shallow water areas, such as Cecil Bay, S turgeon Bay, and 
Green Bay in   Wiscons in ,  are considered  Lake  Michigan 's   most   important   f ish 
spawning  and  habitat  sites. These areas, as well as t h e   l a r g e ,  
channel-connected  lakes   such as Macatawa, Manistee  and  Charlevoix,   along 
the  eastern  shore  of   Lake  Michigan  would  probably  be  impaired by lower ing  
t h e   l e v e l  of the   l ake .  

T h e   s h o r e l i n e  of Lake  Huron i s  29 p e r c e n t   m r s h l a n d   w i t h  nra j o r  
sha l low water areas o c c u r r i n g   i n   t h e   p r o v i n c e   o f   O n t a r i o   a l o n g   t h e  
n o r t h s h o r e  of Georgian Ray and i n   t h e   N o r t h   C h a n n e l ,  and i n  Michigan's 
Saginaw Bay. Saginaw Bay a lone   accoun t s   fo r   ove r   ha l f  of t h i s  area and 
c o n t a i n s   s e v e n   w i l d l i f e  areas f o r   p u b l i c   u s e .  Lower water l e v e l s   m y  
a d v e r s e l y   i m p a c t   f i s h   p o p u l a t i o n s   i n   t h e s e  areas, bu t   t he   a t t empt s  of one 
s t u d y   t o  re la te  y e l l m   p e r c h   y e a r - c l a s s   s t r e n g t h   w i t h   l a k e   l e v e l s   i n  
Saginaw Bay cou ld   no t   e s t ab l i sh   such  a r e l a t i o n s h i p .  

I n  Lake   On ta r io   t he  Bay of   Quin te   in   the   p rovince   o f   Ontar io   and  
t h e   m r s l l l a n d  along t h e  New York shore   have   been   i den t i f i ed  as two areas 
where impacts t o  n e a r s h o r e   f i s h  h a b i t a t  could occur. Lowering the water 
l e v e l  by t he   amoun t s   i nd ica t ed   w i th   t he   s cena r io   cou ld   e l imina te   o r   impa i r  
t h e   u s e  by f i s h  of a p o r t i o n  of t h e s e  areas. 

I n   L a k e  Erie, t h e   e x t e n s i v e   l i t t o r a l  areas would  be  most a f f e c t e d  
by l ake   l eve l   changes .  hng P o i n t  Bay and  Rondeau Bay i n  t h e   p r o v i n c e  of 
Ontario,  Sandusky Bay and  Mauwe Bay i n  Ohio,  and  Presque Isle Bay of 
Pennsylvania  are areas where   d rama t i c   e f f ec t s   cou ld   occu r   w i th   on ly   minor  
changes i n  l a k e  level. Thei r   sha l low  na ture   and   sand   sp i t   fo rmat ion  make 
them very s e n s i t i v e   t o  water level  changes.   Because of areas l i k e   t h e s e ,  
Lake Erie h a s   b e e n   i d e n t i f i e d  as t h e   l a k e  that would  experience  the 
g r e a t e s t   c h a n g e   i n   n e a r s h o r e   f i s h   h a b i t a t  due t o   t h e   s e l e c t e d  
maximum-effec t   d ivers ion   scenar io .   F ishery   impacts  on t h e   o t h e r  Great 
Lakes  would  be similar but of reduced  rmgnitude. 

It should   be   no ted   tha t   wi th   respec t   to  a l l  Great Lakes  wet lands,  
l akeward   rees tab l i shment   could   occur ,   depending  on t h e   p h y s i c a l   c o n s t r a i n t s  
(e.g. , depth   contours ,   shoa ls ,   embayments ,   e tc . ) ,  and t h e   a v a i l a b i l i t y  of 
s u i t a b l e   s u b s t r a t e .   S u c h   w e t l a n d s   r e e s t a b l i s h m e n t   c o u l d   r e d u c e   t h e  
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magnitude of t h e  l o s s  t o   t h e   f i s h e r y ,   b u t  i s  not   expected  to   completely 
e l i m i n a t e  i t .  

Reduction i n  Hypolimnion Volume 

The I n t e r n a t i o n a l   L a k e  Erie Regulation  Study  (ILERS)(13) 
i n d i c a t e d   t h a t   r e d u c t i o n s   i n   h y p o l i m n i o n  volume  and associated  oxygen 
r e s o u r c e s  were l ike ly   unde r   t he   r egu la t ion   p l ans   cons ide red   fo r   t ha t   l ake .  
ILJZRS r e s u l t s   i n d i c a t e   t h a t  a one-foot  lowering of Lake Erie cou ld   dec rease  
the   cen t r a l   bas in   hypo l imnion  volume  and  oxygen  resources by as  much as  15 
percent   (see  Sect ion  8 .5 .3 .3) .   The  divers ion  scenario  would result in a 
mean Lake Erie water l e v e l   d e c r e a s e   a p p r o x i m a t e l y  4 0  percent  less than 
th i s .   Consequen t ly ,   t he  l o s s  of hypolimnion  oxygen  resources and  volume 
would be c o n s i d e r a b l y  less severe .  

S ince   t he   Lake  Erie eas t e rn   bas in  has a hypolimnion  of much 
l a r g e r  volume t h a n   e i t h e r   t h e   w e s t e r n   o r  central  b a s i n s ,  a reduced 
hypol imnion  volume  in   the  eastern  basin is  not  as s i g n i f i c a n t .  Cold water 
f i s h  species need  only  to   migrate  downward t o   f i n d   s u i t a b l e   h a b i t a t .  Also, 
it has  been  documented  that   the  cold water species   of   Lake Erie migra te  
from west t o  east i n  t h e  summer. Such   seasonal   migra t ion   should   l essen   the  
a d v e r s e   e f f e c t s  t o  Lake Erie c o l d  water f i s h e r i e s ,  as s u i t a b l e   h a b i t a t  
would  be a v a i l a b l e   i n   t h e   e a s t e r n   b a s i n   t o  accommodate t h i s  movement. 

The  hypolimnion  volumes of Lakes  Ontario,   Michigan, Huron  and 
Super ior  are f a r   l a r g e r   t h a n   t h o s e   o f   L a k e  Erie. F r a c t i o n a l   r e d u c t i o n s   i n  
t h e  volume  of the  hypol imnia of these   l akes   would   no t   p roduce  any s e r i o u s  
impacts on t h e   f i s h e r i e s  of t h e  lakes. A s l i g h t  downward migra t ion  of c o l d  
water f i s h   s p e c i e s   w o u l d   b e   t h e   o n l y   e f f e c t  of lower l a k e   l e v e l s .  The 
r educ t ions   i n   hypo l imnion  volume f o r   t h e s e   l a k e s  are q u a n t i f i e d  i n  t h e  
Water Qua l i ty   s ec t ion   (Sec t ion   8 .5 .3 .3 ) .  

Change i n  Seasonal  Water Levels  

When compared  to  the  basis-of-comparison,  the maximum-ef f e c t  
d i v e r s i o n   s c e n a r i o  would n o t   c a u s e   e i t h e r  a s e a s o n a l   s h i f t   i n   t h e  
o c c u r r e n c e  of high and low water l e v e l s ,   o r  a s i g n i f i c a n t   c h a n g e   i n   t h e  
r ange   o f   l eve l s   w i th in   t he   annua l   cyc le s .  The mean monthly  Lake Erie 
l eve l s   fo r   bo th   t he   bas i s -o f - compar i son  and the  maximum-effect  diversion 
s c e n a r i o  are shown i n   F i g u r e  8-1. S i m i l a r l y ,   i n   L a k e s  Huron,  Michigan  and 
S u p e r i o r  a l l  l e v e l s  would   be   reduced ,   bu t   the   seasonal   l eve l   var ia t ion  
p a t t e r n  i s  unchanged  with  the  annual   low water l e v e l   o c c u r r i n g  i n  February.  
Lowered water levels d u r i n g   t h i s   p e r i o d   w o u l d   r e d u c e   t h e   a l r e a d y   l i m i t e d  
h a b i t a t   a v a i l a b l e   t o   t h e  many s p e c i e s   t h a t   r e t u r n   t o   t h e   n e a r s h o r e   z o n e  
once   the  ice cover  forms. The increased   bo t tom  scour ing  and uproot ing  of  
aqua t i c   vege ta t ion   caused   by  more ice-covered  shallow water zones  could 
a l s o   a d v e r s e l y   a f f e c t   t h e   n e a r s h o r e   f i s h   s t o c k s .  
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Fish   Spec ie s   Reac t ions   t o  Water Levels 

L i t t l e  i s  known a b o u t   t h e   r e a c t i o n  of f i s h   p o p u l a t i o n s   t o   v a r i o u s  
water l e v e l s  i n  t h e  Great Lakes. It i s  known that w i t h   l o s s e s  of c e r t a i n  
v e g e t a t i o n   t y p e s  and  changes i n  sha l low water h a b i t a t ,   f i s h   p o p u l a t i o n s  
a l so   change .   Seasona l   va r i a t ions   wh ich  are d i f f e r e n t   f r o m   t h e   n o r m a l  
h i s to r i c   occu r rences   cou ld   poss ib ly   change   spawning   ac t iv i t i e s  of some f i s h  
s p e c i e s  as t h e r e  is  a r e l i a n c e  by spawning   f i sh  on water tempera ture  
which ,   in   tu rn ,  i s  i n f l u e n c e d  by t h e   d e p t h  of t h e  water and a l s o  by t h e  
rate a t  which  the water l e v e l s  rise o r   f a l l .  

A l though   t he   s ix   r e sea rch   pape r s   found   desc r ib ing   a t t empt s  t o  
re la te  l a k e   l e v e l   c h a n g e s   t o   y e a r - c l a s s   s t r e n g t h  show no d i r e c t  
re la t ionship   be tween  the   two,  a c o r r e l a t i o n  was found  between water l e v e l s  
and  the  abundance of young-of-the-year f i s h  of  some species i n   t h e   w e s t e r n  
basin  of  Lake Erie. A s  determined by u s i n g   l i n e a r   r e g r e s s i o n   t e c h n i q u e s  
(Table  8-9),  s o w  f i s h   a p p e a r   t o   d o   b e t t e r   d u r i n g   h i g h  water per iods   whi le  
o t h e r s  do b e t t e r   d u r i n g   l o w  water per iods .  

Table  8-9 
RELATIONSHIP BETWEEN YOUNG-OF-THE-YEAR FISH POPULATIONS 

AND WATER LEVELS  FOR LAKE ERIE WESTERN BASIN, 1959-1974* 

Correlat ion  Percent   Change 
Species   Coeff ic ient   BOC/Diversion  Scenario** 

Alewife  "0.72 
S m e l t  +O. 67 
Gizzard  Shad to. 64 
Walleye +O. 41 
Y. Perch -0.40 
Trout   Perch -0.53 

-29.2 
-2 2.2 
- 8.8 
-1 1.5 
+13.9 
+13.2 

*Data from young-of - the-year   popula t ion   assessments  made by t h e  USFWS, 
Sandusky,  Ohio. 

*Whe  Percent  Change is the   change   expec ted   wi th   the  maximum-effect 
d i v e r s i o n   s c e n a r i o  as compared to   the   bas i s -of -compar ison  (BOC). A 
n e g a t i v e   v a l u e   i n d i c a t e s  a reduct ion  in   young-of- the-year  a s  a result of 
reduced water l e v e l s   w i t h   t h e   d i v e r s i o n   s c e n a r i o .  

Only those   spec ies   which  showed a c o r r e l a t i o n   c o e f f i c i e n t   w i t h i n  
t h e   9 0   p e r c e n t   c o n f i d e n c e  limits are presented   in   Table  8-9. Other  species 
which were t e s t e d   b u t  showed l i t t l e  o r  no c o r r e l a t i o n   t o  water l e v e l s  
i n c l u d e :   w h i t e  bass, f r e s h w a t e r  drum, channel  cat, emera ld   sh ine r ,  
s p o t t a i l   s h i n e r ,   c a r p ,   g o l d f i s h ,  and brown bul lhead.  These f i n d i n g s  
r e i n f o r c e   t h o s e  of Beeton  and  Rosenberg  (1968)(4) who r e p o r t e d   t h a t   t h e  
commercial   catch of yel low  perch  f rom Lake Erie (1935-1958) was i n v e r s e l y  
r e l a t e d   t o  water l eve l s   wh i l e   wa l l eye   p roduc t ion  was d i r e c t l y   r e l a t e d   t o  
water l e v e l s .  
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Conclusion 

Overa l l ,   t he re  i s  i n s u f f i c i e n t   i n f o r m a t i o n  on Great Lakes 
f i s h e r i e s  and haw they are a f f e c t e d  by changes  in  water l e v e l s  of t h e  
magnitude which  would  be experienced  under a d i v e r s i o n   s c e n a r i o   t o  draw any 
def in i t ive   conclus ions   concern ing   poss ib le   impacts .  However, the   da ta  
which are a v a i l a b l e   s u g g e s t   t h a t   d e c r e a s e s   i n  water l e v e l s  would  probably 
a l ter  the  shallow areas of t h e  Great Lakes i n  a way which  would  have a 
negative  impact on f ishery  resources .  

8.5.3.2 Wetlands/Wildlife 

Wetland Type s 

The   eco log ica l   e f f ec t  of a l t e r i n g   t h e   l e v e l s  of t he  Great Lakes 
is probably most d i r e c t l y   f e l t  by the  cont iguous  wet lands  and  their  
a s s o c i a t e d   f i s h  and w i l d l i f e .  Due t o   t h e   s h a l l m   n a t u r e  of these  areas, 
small f l u c t u a t i o n s   i n  water levels   could  represent   large  percentage  changes 
and my r e s u l t   i n   t h e  complete &watering of some areas. These  wetlands 
are important as they are unique   habi ta t   p rovid ing   resources   for   bo th  
a q u a t i c  and terrestrial species.  

The  extent   to  which spec i f ic   wet lands  would  be a f f e c t e d  by lake 
l eve l   a l t e r a t ions   depends  upon the  morphology of those  wetlands.  The 
In t e rna t iona l   Lake  Erie Regulat ion  Study Board  (1981 ) ( l  3, i d e n t i f i e d  
seven  types of wetlands  found i n   t h e  Great Lakes  region  (Figure 2-3). 
Those  wetlands where migra t ion  of the   vege ta t ive   zones  i s  r e s t r i c t e d  are 
most l i k e l y   t o  be damaged by l ake   l eve l   f l uc tua t ions .   J aworsk i ,  e t  a1 
(1979)(15)   reported  that  few Great Lakes  wetlands  have  unobstructed 
environmental   gradients  which  permit l a te ra l  displacement of t he   zona l  
vegetation  during  lake  level  changes.  It appears ,   therefore ,   tha t  Great 
Lakes  wetlands are s e n s i t i v e   t o  lake l e v e l  management. 

Wet land  Are a 

To ta l   i nven to r i e s  of Great Lakes  wetlands are c u r r e n t l y  
incomplete ,   but   the  Great Lakes  Basin  Commission  (1978)(7)  reported  that  
roughly  seven  percent of t he   sho re l ine  of t h e  Great Lakes  and t h e i r  
connecting  waterways are c l a s s i f i e d  as wetlands. The I n t e r n a t i o n a l  Lake 
Erie   Regulat ion  Study Board  (1981)(13)  inventoried  the  lower Great Lakes 
( inc luding   the   S t .  Clair River,  Lake  St. Clair, t h e   D e t r o i t   R i v e r ,  Lake 
Erie, the  Niagara  River ,   Lake  Ontar io   and  the S t .  Lawrence  River), 
i den t i fy ing   151 ,7  60 acres of wetlands. 

E f f e c t s  of Lake  Levels  on  Wetland  Size 

The  only  major  study  concerning  the  impact of lake  levels   on 
Great Lakes  wetland areas was conducted by Jaworski e t  a1 (1979).(15) Of 
the   seven   wet lands   s tud ied ,   Jaworsk i   found  tha t  t o  ta l  wetland area 
decreases   wi th   increased   lake   l eve ls  due t o  a d ie  back of l a c u s t r i n e  
v e g e t a t i o n   i n   t h e   l i t t o r a l   z o n e   u n d e r   h i g h  water condi t ions.  Over t h e  
areas s tudied ,   the   average   reduct ion   in   wet land  area due t o  a change  from 
extreme low to  extreme  high water l eve l s  was abou t   13   pe rcen t   (Tab le  8-1 0). 
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T a b l e  8-1 0 
EXTENT OF WETLANDS AT VARIOUS LAKE LEVELS 

BY WETLAND STUDY AREA, I N  ACRES* 

S i t e  Low Stage   High   S tage  

Oconto (L. Michigan) 1 ,650  
Betsie (L. Michigan) 373 
Tobico (L. Huron) 1 ,2  60 
Tuscola  (L. Huron) 60 
Dickinson (L. St. Clair)  2,800 
Woodtick (L. E r i e )  2,395 
T o u s s a i n t  (L. Erie) 1 ,766  

TOTALS 10,304 

1,157 
24 1 

1 ,225  
4 3  

2,4 70 
2,119 
1,720 
8,975 

*From Jaworski ,  e t  a1 (1979)(15)  

P l a n t  Community Changes 

I n   a d d i t i o n   t o   t h e   c h a n g e s  i n  t o t a l   w e t l a n d  area a s s o c i a t e d   w i t h  
v a r i o u s   l a k e   l e v e l s ,   t h e   r e l a t i v e   i m p o r t a n c e  of the   p lan t   communi t ies  
w i th in   t he   we t l ands   a l so   changs .   Four   ma jo r   vege ta t ion   zones   based  on 
water dep th   r equ i r emen t s   have   been   de t e rmined   fo r   t he   we t l ands   a long   t he  
Great Lakes.  These  zones are: 1) s h r u b / t r e e ;  2 )  sedge/meadow; 3 )  
emergents;  4 )  open waterlfloating-leavedlsubmergents.  

Changes   i n  water l e v e l s  will change   the   s ize   and   va lue  of t h e s e  
v e g e t a t i o n  zones. Details are i l l u s t r a t e d   i n  Annex G. 

E f f e c t   o f   D i v e r s i o n s  

A more comple t e   ana lys i s  of t h e   e f f e c t  of l a k e   l e v e l   c h a n g e s   o n  
wet land  vegetat ion  was  prepared  using  data   f rom  Dickinson  Is land  Marsh  and 
Toussa in t   Marsh   s tud ies .   Wet land   vege ta t ion   and  water l eve l   changes  as 
a s s o c i a t e d   w i t h   t h e   d i v e r s i o n   s c e n a r i o s  a re  t a b u l a t e d   a n d   d i s p l a y e d   i n  
Annex G. 

Gene ra l ly ,   du r ing   h igh  water pe r iods   t he re  are i n c r e a s e s   i n   t h e  
open  water/submerged w g e t a t i o n   z o n e s  and d e c r e a s e s   i n   s e d g e / m a d a w  and 
emergent   ca tegor ies .  A t  low water l e v e l   p e r i o d s   t h e   o p p o s i t e   o c c u r s .  

To b e n e f i t   t h e   g r e a t e s t   d i v e r s i t y  o€ wet l and-dependen t   w i ld l i f e ,  
many r e s e a r c h e r s   s u g g e s t   t h e  hemi-marsh  would  be t h e   b e s t   e n v i r o m e n t .  
Th i s   t ype  of  marsh c o n s i s t s  of open  water/submergents  and  emergent 
sedge/meadow  type  vegetation i n  a one-to-one  ra t io .  I n  most cases, t h i s  
vege ta t ion   s t ruc tu re   occu r s   w i th   sus t a ined   l eve l s   above   t he   l ong- t e rm 
basis-of-comparison  man.  Such levels   would  be  reduced by implementing  the 
d i v e r s i o n   s c e n a r i o .  

V i s i b l e   c h a n g e s   i n   w e t l a n d   v e g e t a t i o n   c o m p o s i t i o n   c o u l d   r e s u l t  
f rom  long  durat ions of r e l a t i v e l y   u n f l u c t u a t i n g  water l e v e l s .  To main ta in  
the   wet land   d ivers i ty ,   per iodic   h ighs   and   lows  of the  magnitude of t h o s e   i n  
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t h e  past should  occur .  The h i g h   l e v e l s   b r i n g   i n   n u t r i e n t s ,  and f l u s h   t h e  
wet land ,   th inning  a l l  dense  emergent  and  sedge  vegetation;  the low l e v e l s  
a l l o w  new v e g e t a t i o n   t o   r e g e n e r a t e ,   k e e p i n g   t h e   w e t l a n d   i n   e a r l y  
s u c c e s s i o n a l   s t a g e s .  The genera l   responses  of the   seven   wet land   types   to  a 
c o n s i s t e n t  decrease i n  water l e v e l s  are p r e s e n t e d   i n   T a b l e  G-64 (Annex  G). 
The reduced   range   in  water levels   which  would be expe r i enced   w i th   t he  
d i v e r s i o n   s c e n a r i o   c o u l d   l e a d   t o  m r e  homogeneous plant  communities.   These 
communit ies   would  probably  rever t ,   through  succession,   to  a sedge/meadow 
a n d ,   i f   d r y   c o n d i t i o n s   p e r s i s t e d ,   e v e n t u a l l y  to  an  upland s ta te  a long   t he  
landward  edge. 

E f f e c t s  on W i l d l i f e  

Of the   pub l i ca t ions   r ev iewed ,   ve ry   f ew  e s t ab l i sh  a d i r e c t  
r e l a t i o n s h i p   b e t w e e n  water levels on   t he  Great Lakes  and  bird  populat ions.  
One document,  however,  did relate c h a n g e s   i n   t h e   s i z e  of t h e  Great Lakes 
R i n g - b i l l e d   G u l l   p o p u l a t i o n   t o   c h a n g e s   i n   l a k e   l e v e l s .  It was n o t e d   t h a t  
t h e i r  numbers   increased   a lmost   f ive- f   o ld   in   the  1960s a f t e r   r e m a i n i n g  
f a i r l y   s t a b l e  from 1 9 4 0  t o  1960. The a u t h o r   a t t r i b u t e d   t h i s   e x p l o s i o n   t o  
l o w e r   l a k e   l e v e l s   a n d   t h e   c o n s e q u e n t   i n c r e a s e   i n   t h e   a v a i l a b i l i t y  of 
s u i t a b l e   b r e e d i n g   t e r r i t o r y   a l o n g   w i t h   a n   a b u n d a n t   f o o d   s u p p l y   a f f o r d e d  by 
l a r g e   p o p u l a t i o n s  of a l e w i f e .  

Another   paper ,   dea l ing   wi th   the   e f fec ts   o f   Lake  Erie water l e v e l s  
on   mig ra t ing   sho reb i rd   popu la t ions   du r ing   t he   pe r iod  1 9 6 6  t o  1971, r e p o r t s  
s i g n i f i c a n t   d e c l i n e s   i n   s h o r e b i r d s  a t  Long Point.  The a u t h o r s   a t t r i b u t e  
t h i s   d e c l i n e ,   p a r t i c u l a r l y   n o t e d   i n  those species t h a t   f e e d   i n   t h e  small 
p o o l s   a l o n g   t h e   b e a c h ,   t o   r i s i n g   l a k e   l e v e l s   w h i c h   r e d u c e   t h e   q u a l i t y   o f  
t he   beach   poo l   hab i t a t .  

Although most of the   papers   rev iewed  sugges t   tha t   shorebi rds  
would  be  favored by low water leve ls   and   subsequent   f reedom  f rom  rap id ly  
r i s i n g  water dur ing   the   nes t ing   season ,  i t  i s  no ted   t ha t   t he   chang ing  water 
levels periodically f l o o d  some s h o r e l i n e  areas t h e r e b y   r e p r e s s i n g   p l a n t  
s u c c e s s i o n   a n d   m i n t a i n i n g   o p e n  areas for   nes t ing .   This   mechanism  provides  
some degree  of p o p u l a t i o n   s t a b i l i t y .  It should   a l so   be   no ted  that l a r g e  
expans ions  of t h e   p o p u l a t i o n  of t h e s e   b i r d s  are  of ten  accompanied by 
d i s e a s e   e p i d e m i c s   c r e a t i n g   l a r g e   d i e - o f f s   o f  water and  shorebirds .  

Although no d i r ec t   ev idence   cou ld  be  found i n   p e r t i n e n t  Great 
L a k e s   l i t e r a t u r e   t h a t   f l u c t u a t i o n s   i n  water l e v e l s  had reduced  the 
r ep roduc t ive   success   o f   wa te r fowl ,  many of t h e   p a p e r s   d i d   e x p r e s s   t h e  
o p i n i o n   t h a t   t h e   q u a l i t y  of w a t e r f o w l   h a b i t a t   d e t e r i o r a t e d   w i t h  lower lake  
l e v e l s .  Good q u a l i t y   s t a g i n g  areas r e q u i r e  "hemi-marsh" condi t ions ,   which  
provide  adequate   open water areas, food and cover   plants .   Al though a 
s l i g h t   i n c r e a s e   i n   t h e  number of nes t ing   wa te r fowl  may be   no t iced  as a 
result of increased  sedge/meadow  zones, any i n c r e a s e   w o u l d   b e   i n s i g n i f i c a n t  
when compared t o   t h e   r e d u c t i o n   i n   t h e   q u a l i t y  of t h e   s t a g i n g   h a b i t a t .  
Dennis and Chandler  ( 1 9 7 4 ) ( 5 )  n o t e  that the   p r imary   impor tance  of t h e  
Grea t   Lakes   sho re l ine   we t l ands   fo r   wa te r fowl  i s  as a migra t ion-s tag ing  
h a b i t a t   f o r   t h e   b i r d s   i n   t h e   A t l a n t i c  and Miss i s s ipp i   F lykays .  
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Not a l l  species w o u l d   n e c e s s a r i l y   b e   a d v e r s e l y   a f f e c t e d  by t h e  
maximum-ef fect d i v e r s i o n   s c e n a r i o .  The p r e d i c t e d   i n c r e a s e   i n  sedgelmeadow 
and  emergent   a reas   would   benef i t   red-winged   b lackbi rds ,  swamp sparrows, 
ye l low  th roa t s   and  some t e r r e s t r i a l   a n i m a l   s p e c i e s   ( w h i t e - t a i l e d   d e e r ,  
c o t t o n t a i l   r a b b i t ) ,   w h i l e   w e t l a n d - d e p e n d e n t   s p e c i e s  such as waterfowl,  
c o o t s ,   g a l l i n u l e s   a n d   b l a c k   t e r n s   w o u l d   s u f f e r   ( s e e  T a b l e  8-11). ‘It i s  
poss ib l e ,   however ,   t ha t  a l l  w i l d l i f e   c o u l d   b e   n e g a t i v e l y   a f f e c t e d   i f   t h e  
low water c o n d i t i o n s   c r e a t e d  by a d i v e r s i o n   s c e n a r i o   s t i m u l a t e d   t h e   d i k i n g  
and  development of add i t iona l   we t l ands .  

Although i t  a p p e a r s   l i k e l y   t h a t  a r e d u c t i o n   i n  water l e v e l s  would 
induce   t he   env i ronmen ta l   r e sponses   ou t l€ned   i n   t he   p rev ious   s ec t ions ,  i t  is 
n o t   p o s s i b l e   t o  assess t h e   o v e r a l l   m a g n i t u d e  of t hese   changes   w i th   t he   da t a  
p r e s e n t l y   a v a i l a b l e .  

Impact  on  Endangered  and  Threatened  Species 

A d e c r e a s e   i n  water l e v e l s  i n  t h e  Great Lakes  would  most d i r e c t l y  
a f f ec t   endange red  and threa tened  species t h r o u g h   c h a n g e s   i n  t he  d e p t h  of 
t he   sha l low water reg ions .  The s p e c i e s  most l i k e l y   t o  be a f f e c t e d  are t h o s e  
which  depend  upon  wet lands  for   habi ta t   dur ing some s t a g e  of t h e i r   l i f e  
c y c l e ,  as small changes i n  water l e v e l   c o u l d   g r e a t l y   c h a n g e   t h e   s i z e  of 
marsh  and  wetland  areas. 

Of the   endange red   o r   t h rea t ened  species i n   t h e  Great L a k e s   b a s i n  
t h e  mammals, b i r d s   a n d   r e p t i l e s  would  probably  be least  a f f e c t e d  due t o  
t h e i r   m o b i l i t y .   A l t h o u g h  many of t h e s e   s p e c i e s   ( l i s t e d   i n   S e c t i o n  2 )  
depend  upon  wet land   habi ta t   for   food ,  many are t r a n s i e n t   a n d  a l l  are 
probably  capable  of moving t h e   s h o r t   d i s t a n c e s   w h i c h  may be   r equ i r ed  if 
l o w e r i n g   l a k e   l e v e l s   o n l y   r e s u l t   i n  a l a te ra l  s h i f t  of s u i t a b l e   v e g e t a t i o n  
zones .   However ,   one   r e sea rch   pape r   a t t r i bu ted   t he   r educ t ion   i n   nes t ing   o f  
t h e   P i p i n g   P l o v e r  on the   sou th   beach  of Long P o i n t ,   O n t a r i o ,   t o   t h e   r i s i n g  
water l e v e l s   d u r i n g   t h e   p e r i o d  1967-1971. I n   t h i s  case t h e   i n c r e a s e d  water 
l e v e l s   a p p a r e n t l y   r e d u c e d   t h e   a v a i l a b i l i t y  of n e s t i n g  sites, a d v e r s e l y  
a f f e c t i n g   b i r d   p o p u l a t i o n s .  

Of t h e  11 f i s h  species l i s t e d  a s  t h r e a t e n e d   o r   e n d a n g e r e d   i n   t h e  
Great L a k e s ,   f i v e  of t h e  members of the  genus  Coregonus are not   normal ly  
found a t  d e p t h s  of less t h a n  3 0  f e e t ;   t h e   s i x t h  C. a r t e d i i ,  may use  shal low 
water for   spawning   bu t  i s  n o t   r e s t r i c t e d   t o   s u c h  areas (Scott   and  Crossroan, 
1973) (17) .   The   r ema in ing   f i ve   f i sh  species are found i n   s h a l l m  water 
areas d u r i n g   p o r t i o n s  of t h e i r   l i f e   c y c l e s ,   b u t  are more c l o s e l y   r e l a t e d   t o  
stream o r   r e e f  areas t h a n   t o   m r s h e s  and wetlands.  Although stream 
h a b i t a t s  are  e x p e c t e d   t o   b e   u n a f f e c t e d  by r e d u c e d   l a k e   l e v e l s ,  some changes 
may occur   in   the   amount  of reef  area which i s  a t  a d e p t h   s u i t a b l e   f o r  
spawning. Any impact   which  does  occur   due  to   this  area l o s s   o r   t o   c h a n g e s  
13 t h e   a v a i l a b i l i t y  of food items f o r   f i s h  i s  n o t   l i k e l y   t o   b e   s i g n i f i c a n t  

I t  i s  n o t   p o s s i b l e   t o   p r e d i c t   i m p a c t s   u p o n   t h e   i n d i v i d u a l  species 
o f   m u s s e l s   a n d   s n a i l s   l i s t e d ,  but many of t h e s e   s p e c i e s  are most commonly 
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Table 8-11 
WILDLIFE USE AND OTHER  FLJNCTIONS OF COASTAL WETLANDS 

AT LOW AND HIGH WATER LEVELS. (From  Jaworski, -> e t  a1 1979)(15) 

Use/Funct ion of Wetlands Low Water* High Water* 

A. Use by W i l d l i f e :  

Blue-winged teal  ( b r e e d i n g )  
Red-winged b l a c k b i r d  
Mal la rd   (breeding)  
Shor t -b i l l ed   wren  
Muskrat 
B lack   t e rn  
Yel lowheaded  blackbird 
Great b lue   heron  
B e l t e d   k i n g f i s h e r  
C r a y f i s h  
F r o g s   a n d   t u r t l e s  
F i s h  spawning (Ne p i k e )  
F o r a g e   f i s h  
Dabbl ing   ducks   ( feeding)  

B. Other   Funct ions :  

Pea t   accumula t ion  
Sediment   t rapping 
tiemi-ma r s h  
Water c i r c u l a t i o n  
Dominance of land  drainage 
Dominance of l a k e  water masses 
T u r b i d i t y   l e v e l s  
Export  of d e t r i t u s  
Re-suspension of i n   s i t u   c l a y  

*NOTE: D a s h   c o n c e n t r a t i o n   i n d i c a t e s  mre  c o n c e n t r a t e d   a c t i v i t y .  
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f o u n d   i n   l o t i c   h a b i t a t  and  would n o t  be s i g n i f i c a n t l y   a f f e c t e d .   T h o s e  
which do i n h a b i t   t h e   n e a r s h o r e  areas are capable  of movement n e c e s s i t a t e d  
by movement of t he   sho re l ine .   Aga in ,   t he  species mst  l i k e l y   t o   b e  
a f f e c t e d  are those   which   inhabi t   wet land  areas. 

The o n l y   p l a n t   s p e c i e s   l i s t e d  is the   Amer ican   l o tus  (Nelumbo 
l u t e a ) .   T h i s   s p e c i e s   m y   b e   a f f e c t e d  as i t  i s  a f l o a t i n g   a q u a t i c  which 
could  be l o c a l l y   d i s p l a c e d  by emergent   vege ta t ion  as water l e v e l s   d e c l i n e .  

I n   g e n e r a l ,  i t  a p p e a r s   u n l i k e l y   t h a t   t h e  small changes   p red ic t ed  
i n   t h e  water l e v e l s  of t h e  Great Lakes,   due  to   the  mximum-effect   d ivers ion 
s c e n a r i o ,   w o u l d   s i g n i f i c a n t l y   a f f e c t   t h e   e n d a n g e r e d   a n d   t h r e a t e n e d   s p e c i e s  
l l s t e d .  However, i f   imp lemen ta t ion  of a s c e n a r i o   a p p e a r s   p r a c t i c a b l e ,  i t  
may be   des i r ab le   t o   examine  more c lose ly   the   changes   which  are l i k e l y   t o  
o c c u r   i n   t h e   s p e c i f i c   l o c a l i t i e s   t h e  species i n   q u e s t i o n   i n h a b i t .   T h i s  i s  
p a r t i c u l a r l y   t r u e   f o r   t h o s e   s p e c i e s   w h i c h  are t y p i c a l  of  wetland areas. 

Summary of   Impacts   on   F ish   and   Wi ld l i fe  

A t t e m p t s   t o   i d e n t i f y   a n d   i s o l a t e   t h e  stress v a r i a b l e s   a f f e c t i n g  
p o p u l a t i o n s  of f i s h ,   w i l d f o w l   a n d   w i l d l i f e  by c o r r e l a t i n g   e n v i r o m e n t d  
f a c t o r s   t o   p o p u l a t i o n   c h a n g e s   h a v e   g e n e r a l l y   f a i l e d .   I n  some s i t u a t i o n s ,  
s c i e n t i s t s  have b e e n   a b l e   t o   d e f i n e   c o i n c i d e n c e s   t h a t   l e d   t o   t e n t a t i v e  
in fe rences   bu t   conc lus ive   ev idence  was seldom  obtained.   Therefore ,  i t  
a p p e a r s   t h a t  any a t t e m p t   t o   a n a l y z e   t h e   p o s s i b l e   e f f e c t s  of any Great Lakes 
water l e v e l   d i v e r s i o n   s c e n a r i o  i s  bes t   d i r ec t ed   t owards  a c o n s i d e r a t i o n  of 
h a b i t a t   a l t e r a t i o n  and t h e   e f f e c t s   t h a t   m i g h t   h a v e   o n   t h e   h i g h e r   f o r m s   o f  
l i f e .  

W i t h i n   t h e  Great Lakes  system,  the area most l i k e l y   t o   b e  
a f f e c t e d  by l ake   l eve l   changes  i s  t h e   s h a l l m  water a r e a   ( n e a r s h o r e   z o n e )  
a n d   w e t l a n d   h a b i t a t   i n   p a r t i c u l a r .  The nea r shore   zone   has   been   a rb i t r a r i l y  
d e f i n e d  as t h e  area down t o   t h e   f i v e   f a t h o m   ( 3 0   f o o t )   d e p t h   c o n t o u r .  It 
approx ima tes   t he   dep th   t o   wh ich   aqua t i c   p l an t   g rowth   has   been   r eco rded   i n  
t h e  Great Lakes.   Navigat ion  char ts  were planimetered t o  calculate t h e  
r e l a t i v e  areas w i t h i n   t h i s   z o n e   f o r   t h e   f i v e  Great Lakes  (Table  8-12)  and 
maps f o r   e a c h   l a k e  (Annex G )  show t h e   r e l a t i v e   d i s t r i b u t i o n  of t h e  zone. 
Much of t h e  Great Lakes   sho re l ine  i s  b a r r e n  of p l a n t   l i f e ,  a t  least down t o  
d e p t h s  of abou t   12   f ee t ,   where  wave and ice  ac t ions   scour   the   bo t tom.  
Consequent ly ,   even  within  the  nearshore  zone,   the  area a v a i l a b l e   f o r  
wetland  development i s  ~ r y  r e s t r i c t e d .  Based  on t h e   I n t e r n a t i o n a l  Great 
Lakes  Levels   Board  Study  (1973)(1°)   inventory  of   Great   Lakes  wet lands,  
less  than  one-half  of one   pe rcen t  of t h e  Great L a k e s   s u r f a c e  area i s  
emergent  wetlands.  However, l o s s  of t h i s   r e l a t i v e l y  small h a b i t a t   b a s e  
wou ld   have   s e r ious   impac t s   on   t he   a s soc ia t ed   w i ld l i f e .  

8.5.3.3 Water Qual i ty  

The water q u a l i t y   e v a l u a t i o n  i s  based   on   the  water q u a l i t y  
s t u d i e s  of t h e   I n t e r n a t i o n a l   L a k e  Erie Regulat ion  Study  Board (ILERSB). 
T h e   a n a l y s i s  i s  s e p a r a t e d   i n t o  two g e n e r a l  areas: (1) water q u a l i t y  
e f f e c t s  on the   whole   l ake ;   and ,  ( 2 )  e f f e c t s   i n   t h e   n e a r s h o r e   z o n e .  The 
emphasis of t he   s tudy  i s  placed on t h e   n e a r s h o r e   z o n e   s i n c e  any water l e v e l  
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Table 8-12 
GREAT LAKES NEARSHORE AREAS 

Lake 

Superior 
Michigan 
Huron 
Erie 
Ontario 

TOTAL 

Water 
Surf ace 

3 1,700 
22,300 
23,000 
9,900 

(Mi2)  

7,600* 

94,500 

Area (Mi2) 
: S H O R E  TO 30 f t .  
WATER C O N T O U R )  

750 
1,888 
3,110 
1,645 

992 

8,385 

% 
NEARSHORE/ 

TOTAL) 

2.4 
8.5 

13.5 
16.6 
13.1 

8.9 
* Figure includes area of St. Lawrence River above power dam at Cornwall.  Ontario 
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problems  would be ms t  n o t i c e a b l e   i n   s h a l l m  wters,  where  publ ic  
i n t e r a c t i o n   o c c u r s  most o f t e n .  

The water qua l i ty   parameters   examined  by t h e  ILERSB i n c l u d e :  
hypolimnion volume  and associazed  dissolved  oxygen  resources;  
c o n c e n t r a t i o n s  of n u t r i e n t s ,   s u c h  as phosphorus;  general   mid-lake water 
q u a l i t y ;  embayment f l u s h i n g  and p o l l u t a n t   c o n c e n t r a t i o n s ;   n u i s a n c e   a l g a l  
g r o w t h   ( C l a d o p h o r a ) ;   n e a r s h o r e   t u r b i d i t y ;   a n d   o u t f a l l  waste d i s p e r s i o n .  
Di f fe ren t   methodologies  were employed  to  evaluate  each parameter. Study 
de ta i l s ,   inc luding   methodology,   can   be   found  in   the  ILERSB's Water Q u a l i t y  
Technical  Appendix,  An E v a l u a t i o n   o f  Water Q u a l i t y  Impacts of 

The  computed  long-term, mean annual  water l e v e l s  of Lake Erie, 
f o r   t h e  maximum-effect   d ivers ion  scenario,  were similar t o   t h e   l e v e l s  
g e n e r a t e d  by one of the   p lans   (SE015S)   inves t iga ted  by t h e  ILERSB. The 
range   of   l eve ls  and t h e  minimum and maximum levels are similar. (Table 
8-13).  The water levels of Lakes  Superior,   Michigan-Huron  and  Ontario 
genera ted  by t h e  maximum-effect   d ivers ion  scenario,  are p r e s e n t e d   i n   T a b l e  
8-1 4. 

Hypo limn  ion 

Lake Erie can be c a t e g o r i z e d  by d e p t h s  and p h y s i c a l  
c h a r a c t e r i s t i c s   i n t o   t h r e e   b a s i n s ;   w e s t e r n ,   c e n t r a l  and   ea s t e rn .   Resu l t s  
o f   t h e   s t u d y   i n d i c a t e   t h a t  a one-foot  lowering of Lake Erie could: 

(1 )   dec rease   cen t r a l   bas in   hypo l imnion  volume by as much as 1 5  
p ercen t ; 

(2)   decrease   cen t ra l   bas in   hypol imnion   oxygen   resources  by as 
much as  1 5   p e r c e n t ;  

( 3 )  not a f f e c t   n a t u r a l   l a k e  temperatures or  t h e  onse t  o f  
s t r a t i f i c a t i o n ;   a n d ,  

( 4 )   n o t   a f f e c t ,   s i g n i f i c a n t l y ,   t h e   c e n t r a l   b a s i n   o x y g e n  
d e p l e t i o n  rate. 

Implementation of t h e  maximum-ef f e c t   d i v e r s i o n   s c e n a r i o   w o u l d  
r e s u l t   i n  a man   Lake  Erie water l e v e l  decrease approx ima te ly   45   pe rcen t  
less than  that   experienced  through  implementat ion of t h e  ILERSB's Plan 25N. 
Consequen t ly ,   t he   l o s s  of hypolimnion  oxygen  resources and  volume  would b e  
s i g n i f i c a n t l y  less severe   than   under   P lan  25N. It has  been  es t imated that 
the  hypol imnion volume reduct ions   f rom  the   mximum-effec t   d ivers ion  
s c e n a r i o  would  be less than   four   percent .   Ef fec ts  on dissolved  oxygen 
concent ra t ions   would  be in s ign i f i can t .   A l though  some l o s s  of f i s h   h a b i t a t  
could  occur   under   the  maximum-effect   d ivers ion  scenario,  i t  seems l i k e l y  
t h a t   n a t u r a l   s e a s o n a l   m i g r a t i o n   p a t t e r n s  would probably   he lp   to   reduce  
d e t r i m e n t a l   e f f e c t s   w h i c h  may occur   due   to   hypol imnion   reduct ions .   Ef fec ts  
on the   hypol imnia  of Lake Erie's e a s t e r n  b a s i n  and of Lake  Ontario  would  be 
even less s i g n i f i c a n t   d u e   t o   t h e i r   l a r g e r  volumes  and  depths. 
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TABLE 8-13 
C(MPAR1SON OF LEVELS OF LAKE EKCR, RESlJLTING FROM LAKE ERIE 

REGULATION  STUDY  PLANS AND GREAT  LAKES  MAXIMUM-EFFECT DIVERSION SCENARIO 
( IN FEk:T) 

Mean Maximum Minimum Range 

BOC 570.76 57 3.60 568.10  5.50 
SEOl5S* 570.53 573.18 568.02 5. 1 6  
P l a n  25N* 570.17 57 2.53 567.84  4.69 
Diversion 570.48 573.15 568.00 5.1 5 

* P l a n s  f o r  t h e   r e g u l a t i o n  of L a k e   E r i e  which were d e v e l o p e d  by t he  
I n t e r n a t i o n a l   L a k e  Erie R e g u l a t i o n   S t u d y   B o a r d .  

TABLE 8-1 4 
COMPARISON OF LEVELS OF LAKES SUPERIOR, MICHIGAN-HURON AND 

ONTARIO RESULTING FROM  GKEAT LAKES MAXIMUM-EFFECT DIVERSION SCENARIO 
( I N  FEET) 

LAKE SUPERIOR 

Mean 
Maximum 
Min imum 
Range 

LAKES MICHIGAN-HURON 

Me a n  
Maximum 
Minimum 
Range 

LAKE ONTARIO 

Mean 
Maximum 
I.linimum 
Range  

BOC - 
600.44 
601.93 
598.69 

3.24 

BOC - 
578.27 
581.16 
575.46 

5.70 

DIVERSION PLAN 

60 0.2 9 
601.83 
598.31 

3.52 

DIVERSION PLAN 

5 77.92 
580.59 
575.3 1 

5.28 

BOC DIVERSION PLAN - 
244.73 
249.47 
24  1.59 

7.88 

244.55 
248.0 7 
24 0.74 

7.33 

BOC - Basis -of -Compar ison  
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The  deep  upper   lakes   basins   (Lakes  Superior ,   Michigan-Huron)  
r e s u l t   i n  much larger   hypol imnion  volumes  compared  to   those of the   lower  
lakes .   Accord ingly ,  a smaller p e r c e n t a g e  of t o t a l   h y p o l i m n i o n  volume 
change   cou ld   be   p red ic t ed   fo r  a r e d u c t i o n   i n   t h e   u p p e r   l a k e s '   l e v e l s   t h a n  
wou ld   occu r   i n   t he   sha l l awer  luwer lakes.  The  mximum mean r e d u c t i o n   i n  
lake l e v e l   f o r   L a k e   S u p e r i o r  would  be 0.1 f o o t .  A r e d u c t i o n  of t h i s  
magnitude  would result i n  a change of o n l y   f i v e   o n e h u n d r e t h s   p e r c e n t   i n  
hypolimnion  volume.  For  Lake  Michigan, a maximum monthly mean r e d u c t i o n   o f  
0 .57   foo t   would   be   equiva len t   to  a hypo l imnion   r educ t ion  of twelve 
one-hundredths  percent.   For  Lake  Huron,  the  hypolimnion volulne r e d u c t i o n  
would  be i n   t h e  same o r d e r  of magnitude.  These  reductions are 
i n s i g n i f i c a n t  when compared t o   t h e   t o t a l   l a k e   h y p o l i m n i o n  volume. 

There is  no oxygen stress d u r i n g   t h e  summer i n   t h e   h y p o l i m n i o n  
areas of Lakes   Super ior ,   Huron ,   o r   Michigan  a s  compared t o  what o c c u r s   i n  
t h e   w e s t e r n   a n d   c e n t r a l   b a s i n s   o f   L a k e  Erie. The oxygen  deple t ion  ra te  i s  
dependent   upon  hypol imnion  thickness ,  among o t h e r   f a c t o r s .   T h e r e f o r e ,  a 
s l i g h t ,  less than   one- ten th   percent   change   in   the   vo lumes  of the   hypol imnia  
i n   t h e   u p p e r  Great Lakes  would  not  cause any s i g n i f i c a n t   r e d u c t i o n   i n  
d i s so lved   oxygen   concen t r a t ions   o r   i nc rease   i n   r e l a t ed   b io log ica l   p rob lems .  

Phosphorus 

Based  upon t h e  ILERSB'S i n v e s t i g a t i o n ,  i t  was d e t e r m i n e d   t h a t  a 
one-foot   lowering of Lake Erie  wou ld   r educe   e rod ib le   b lu f f  material and t h e  
phosphorus   assoc la ted   wi th   these  materials by approx ima te ly  18 pe rcen t .  
Rased  upon estimates f o r   1 9 7 6 ,   ( I n t e r n a t i o n a l   J o i n t  Commission,  1978)(12) 
t h e  696  tons of ava i lab le   phosphorus   f rom  e ros ion   would   be   reduced  by 
approx ima te ly   126   t ons .   Th i s   r educ t ion  i s  abou t   one   pe rcen t  o f  t h e  
ava i lab le   phosphorus   d i scharged   f rom a l l  s o u r c e s   ( 1 2 , 7 6 1   t o n s ) .  The 
ILERSH's i nves t iga t ion   a l so   conc luded   t ha t   mid - l ake   phosphorus  
concent ra t ions   would   no t   change   s ign i f icant ly   f rom  the   bas i s -of -compar ison .  
The  man  annual  water leve l  dec rease  of 0.28 f o o t ,  due t o  t h e  
max imum-ef fec t   d ive r s ion   s cena r io ,   wou ld   r e su l t   i n   dec reases   subs t an t i a l ly  
less t h a n   t h e   o n e   p e r c e n t   r e l u c t i o n   e x p e c t e d   i f   L a k e  Erie 's  l e v e l  was 
lowered by one   foo t .  

A l though   t he   g rea t e s t   pos i t i ve   e f f ec t   upon   Lake  Erie e u t r o p h i c  
r e t a r d a t i o n  would result from c o n t r o l  of t he   an th ropogen ic   sou rces  of 
phosphorus,  it i s  r e a s o n a b l e   t o   a s s u m   t h a t   a n y   r e d u c t i o n   i n   n a t u r a l  
phosphorus  input ,   such as a n t i c i p a t e d   f o r   t h e  maximum-effect d i v e r s i o n  
scena r io   due   t o   r educed   e ros ion ,   wou ld   have  a p o s i t i v e   e € f e c t   i n   a c h i e v i n g  
t ha t go a l  . 

S i m i l a r l y ,  water l eve l   changes  in the   uppe r  Great Lakes  would 
a f f e c t   t h e  rate of l ake   ag ing ,   due   t o   changes   i n   t he  amount of n u t r i e n t  
loadings   caused  by e ros ion .  

While ms t  of t h e   L a k e   S u p e r i o r   s h o r e l i n e   d o e s  not  e x h i b i t  
eu t rophica t ion   problems  due   to   enr ichment   f rom  e ros ion ,   there  are 
loca l l zed   p rob lem areas. In  Wiscons in ,   red   c lay   e ros ion   a long   the   shores  
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of Douglas   and   Bayf ie ld   Count ies   does   cont r ibu te   l a rge   amounts  of 
phosphorus   to   the   l ake .  The Michigan  Counties  of  Houghton,  Baraga,  and 
Marquet te  and some parts of t h e  Keweenaw P e n i n s u l a   a l s o   c o n t r i b u t e  
s i g n i f i c a n t   a m o u n t s  of phosphorus t o  Lake  Superior.  The maximum water 
l e v e l  of Lake  Superior  would  be  lowered by 0.1 f o o t  by implementat ion of 
t h e  maximum-effec t   d ivers ion   scenar io .   This   reduct ion  of the  maximum l a k e  
l eve l   shou ld   p roduce  a s l i g h t   b e n e f i c i a l   e f f e c t  as a result of reduced 
phosphorus  loadings  due  to   reduced  erosion.  

S ince   the   e ros ion   problems on the   uppe r   Mich igan   sho re l ines   o f  
Lake  Michigan are m i n i m a l ,   n u t r i e n t s   f r o m   s h o r e l i n e   e r o s i o n  a re  not  an 
impor t an r   cons ide ra t ion   t he re .  However, n u t r i e n t s  may en te r   t he   l ake   f rom 
t h e   s h o r e l i n e s  of S c h o o l c r a f t  and Delta Counties,   which are  p rone   t o  
f l o o d i n g  by Lake  Michigan. 

The shore l ine   f rom  the   Michigan-Wiscons in   border   to   Green   Bay ,  
Wisconsin,  which i s  s u b j e c t   t o   f l o o d i n g ,   a l s o   h a s  a l a r g e   p o r t i o n  of 
a g r i c u l t u r a l   l a n d   a d j a c e n t   t o  it. F o r   t h i s   r e a s o n ,   t h e r e  may be  problems 
w i t h   r u t r i e n t   a d d i t i o n s  from the   runoff   and   e ros ion  of farm  lands. 
A l though   t he   sho re l ine   o f  Door County,  Wisconsin is  n o t   s u b j e c t   t o   e r o s i o n ,  
most of the  remainder  of t he   Wiscons in   sho re l ine  i s  a g r i c u l t u r a l  and r i c h  
i n   n u t r i e n t s ,   p o s i n g   t h e   t h r e a t  of a c c e l e r a t e d   e u t r o p h i c a t i o n   f r o m  
phosphorus  loading  caused by s h o r e l i n e   e r o s i o n .  

T h e   e r o d i b l e   s h o r e l i n e  of I l l i n o i s  i s  a mixed u r b a n - i n d u s t r i a l  
area.   This  area is a small por t ion   o f   Lake   Michigan ' s   shore l ine   and   par t  
of  i t  i s  well protected  f rom  erosion.  L i t t l e  n u t r i e n t   i n p u t  from t h i s  
s h o r e l i n e  i s  experienced.  

The eastern shore l ine   o f   Lake   Mich igan   con t r ibu te s  one of t h e  
la rges t   sed i rcent   loads   to   the   l ake .   The   e ros ion   problem  a long  many miles 
of t h i s   s h o r e l i n e  is  such   tha t   shore   p ro tec t ion   and/or   beach   nour i shment  
programs  have been implemented to p r e v e n t   f u r t h e r  damage and proper ty  loss. 
Eros ion  of b l u f f s   a n d   s h o r e l i n e s   i n c r e a s e s   o r   d e c r e a s e s  as t h e   l a k e  level  
r ises o r   f a l l s .  Based upon a v a i l a b l e   i n f o r m a t i o n ,  a r e d u c t i o n  of t h e  
water l e v e l   i n  Lake  Michigan  would  resul t   in   decreased  phosphorus  loading,  
depending on seasonal   f looding .  

T h e   U n i t e d   S t a t e s   s h o r e l i n e  of Lake  Huron  has  few areas s u b j e c t  
t o   s e r i o u s   e r o s i o n .  Compared w i t h   t h e   c o n d i t i o n s   i n   L a k e   M i c h i g a n ,   t h e  
amount of s o i l s  and n u t r i e n t s   e n t e r i n g   t h e   l a k e   a r e  low except   dur ing  
p e r i o d s  of ex t reme  h igh  water. An e x c e p t i o n  i s  Sani lac   County  which 
c o n t r i b u t e s   a n   e s t i m a t e d  150 t o n s  of t o t a l   phosphorus  p e r  year. However, 
t h e  Saginaw  River   cont r ibu tes  a s i g n i f i c a n t  amount of phosphorus t o  Saginaw 
Ray and approximately 2 4  p e r c e n t  of t he   t o t a l   phosphorus   i npu t   t o   Lake  
Huron. 

Many q u e s t i o n s   r e g a r d i n g   t h e   a v a i l a b i l i t y  of phosphorus in e r o d e d  
s o i l s   t o   s t i m u l a t e   a l g a l   g r o w t h   r e m a i n   t o  be  answered. It i s  p o s s i b l e   t h a t  
phosphorus   f rom  sho re l ine   e ros ion  is  mainly  found as a p a t i t e  and   gene ra l ly  
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i s  no t   ava i l ab le  as an   a lga l   nu t r i en t   sou rce .   Add i t iona l   r e sea rch  i s  
needed i n   t h i s  area be fo re   t he   s ign i f i cance  of e roded   so i l s  a s  a 
c o n t r i b u t o r   t o   e u t r o p h i c a t i o n   c a n  be defined.  With respect t o   a v a i l a b l e  
phosphorus  concentrat ions,   implementing  the  divers ion  a l ternat ive  could 
p r o v i d e   b e n e f i c i a l   e f f e c t s ,   b u t  i t  i s  u n l i k e l y   t h a t   t h e   d e c r e a s e   i n  
ava i l ab le   phosphorus   ( l e s s   t han  1.0 p e r c e n t )  would  be apprec i ab le   o r  o f  
s ign i f i cance .  

General  Water Qual i ty  

U t i l i z i n g  a conserva t ive  parameter (chlor ide)   and  an  average 
res idence  time of 2.4 y e a r s   f o r  Lake Erie, t h e  ILERSB's study  determined 
t h a t   f o r   c o n d i t i o n s   e x i s t i n g   d u r i n g  1 9 7 4  and 1976, a one  foot  lowering of 
t h e  water l e v e l  would  have  amounted to   an   i nc rease  of s l i g h t l y  more than 
0 . 3  mil l igrams p e r  liter. Other parameters, such as s u l f a t e ,   c a r b o n a t e ,  
b icarbonate ,   d i sso lved  metals, e t c . ,  would  be a f f e c t e d   s i m i l a r l y .  

The e f fec t   on   Lake   Ontar io  i s  even smaller s ince   t he   pe rcen t  
r e d u c t i o n   i n  volume r e s u l t i n g  from a one  foot  lowering would be   o rders  of 
magnitude less than   for   Lake  Erie. This is  t rue   because   the   d ivers ion  
s c e n a r i o  would  have  generally less impact on   lake   l eve ls   than   the  ILERSB's 
plan; it can   sa fe ly  be a n t i c i p a t e d   t h a t   g e n e r a l  water q u a l i t y  on the  lower 
l a k e s  would  be i n s i g n i f i c a n t l y   a f f e c t e d  by the   d ivers ion   scenar io .  

Ch lo r ide  v a l u e s  in   the   upper   Grea t   Lakes   vary   spac ia l ly  a s  w e l l  
as wi th  time. For  example,  mid-lake  observations i n  Lake Huron ranged  from 
5.2 t o  5.7 mg/l.  Lake  Michigan  masurements a t  in takes   a round  the   l ake  as 
well as sampl ing   s ta t ions   across   the   l ake   y ie lded   ch lor ide   conten ts   f rom 
4 . 6  t o  1 7  mg/l.  Using 5.6,  7.2 and 1 . 2  mg/l as t h e  mean ch lo r ide  
concen t r a t ions   fo r   Lakes  Huron,  Michigan  and  Superior  respectively,   and 
mul t ip ly ing   these   ch lor ide   va lues  by the   an t i c ipa t ed   changes   i n  volurne, as  
a consequence of t he   d ive r s ion   s cena r io ' s   l eve l s ,  would y ie ld   ex t remely  
small concen t r a t ion  changes.  Such  minor  changes  most  likely  could  not  be 
de t ec t ed  by the   ins t rumenta t ion  employed t o  measure chlor ides .   Likewise,  
such small changes are a p t   t o  be b i o l o g i c a l l y   i n s i g n i f i c a n t .  

Embayments 

The  mlume OE the  embayment, t h e   q u a n t i t y / q u a l i t y  of water 
exchanged  with  the  lake,   pol lutant   inputs   into  the embayment, and t h e  
chemical ,   physical  and b io logica l   p rocesses   wi th in   the  embayment, govern 
i t s  water qua l i t y .  

The p h y s i c a l   c h a r a c t e r i s t i c s  of the embayment determine  which  of 
t h e  above  processes most in f luences   t he   wa te r   qua l i t y  of t h a t  embayment. 
For  the  purpose of t h i s   s tudy ,   t he  l a t t e r  two f a c t o r s   a r e  assumed constant .  

Embayments have  been c l a s s i f i e d   i n t o   t h r e e   n a j o r   c a t e g o r i e s ,   f o r   t h e  
purpose of th i s   ana lys i s .   These  are: 
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(1) embayments t h a t  are inf luenced  by t r i b u t a r y   i n p u t s ;  

( 2 )  embayments  with a l a r g e   l a k e - b a y   i n t e r f a c e   ( u n r e s t r i c t e d ) ;  
and,  

( 3 )  embayments  with a small l a k e - b a y   i n t e r f a c e   ( r e s t r i c t e d ) .  

Lower l ake   l eve l s   due   t o   t he   max imum-ef fec t   d ive r s ion   s cena r io  
would  reduce embayment  volume. The a n a l y s i s  of  embayment p o l l u t a n t  
c o n c e n t r a t i o n s   i l l u s t r a t e s   t h a t   r e d u c e d  embayment volumes   could   increase  
p o l l u t a n t   c o n c e n t r a t i o n s .  

S i n c e   t h e  water q u a l i t y  i s  predominant ly   in f luenced  by a s s o c i a t e d  
t r i b u t a r y  water q u a l i t y ,   i m p l e m e n t a t i o n  of the  maximum-effect   d ivers ion 
s c e n a r i o  would   no t   a f fec t   type  (1) embayments. On t he   o the r   hand ,   wh i l e  
t h e  volume  of t y p e  ( 2 )  embayments  would  be  reduced,  the  rapid  level 
ba lanc ing   response  of  embayments w i t h  a l a r g e   l a k e - b a y   i n t e r f a c e  
( n o n - r e s t r i c t i v e )   t o   d a i l y   o r   e v e n   h o u r l y   l a k e   l e v e l   f l u c t u a t i o n s ,  would 
s u b s t a n t i a l l y  limit, i f   n o t   p r e v e n t ,  water q u a l i t y   d e g r a d a t i o n .  

L i k e   t h e   o t h e r s ,   t y p e  ( 3 )  ernbayments  would experience  reduced 
volumes,  but i n   a d d i t i o n  would a l s o  b e   s u b j e c t   t o   i n c r e a s e d   p o l l u t a n t  
c o n c e n t r a t i o n s   d u e   t o   l o w e r   l a k e   l e v e l s .  In t h i s  case, hydraul ic   "choking"  
would  prevent  adequate  lake-bay water e x c h a n g e   r e s u l t i n g  i n  l o s s  of 
d i l u t i o n   c a p a c i t y   w i t h i n   t h e  bay. R e s t r i c t i v e  embayments  which are deep 
( i . e .   commerc ia l   harbour   depth)  would n o t   e x p e r i e n c e   a n y   s i g n i f i c a n t  
impacts   due   to   the  maximum-ef f e c t   d i v e r s i o n   s c e n a r i o .  Embayments which are 
b o t h   s h a l l o w   a n d   r e s t r i c t i v e  are most l i k e l y   t o   e x p e r i e n c e   e l e v a t e d  
p o l l u t a n t   c o n c e n t r a t i o n s  as a r e s u l t  of the  maximum-effect   d ivers ion 
s c e n a r i o .  

T u r b i d i t y  

The ILERSB found a s t r o n g   r e l a t i o n s h i p   b e t w e e n  wave energy  
d i s s i p a t e d  a t  the   " toe -o f -b lu f f "   and   t u rb id i ty .  When the toe-of-bluff wave 
energy i s  a l t e r e d  by l a k e   l e v e l   c h a n g e s ,  some g e n e r a l  estimates of 
t u r b i d i t y   c o n c e n t r a t i o n s  a t  d i f f e r e n t   l a k e   l e v e l s   c a n   b e  made. These 
estimates are g e n e r a l   b e c a u s e   t u r b i d i t y  i s  a f f e c t e d   n o t   o n l y  by e r o s i o n ,  
w h e r e   e r o d i b l e   s o i l  is p r e s e n t ,   b u t   a l s o  by an th ropogen ic   sou rces  
( p o l l u t i o n   i n p u t s ) ,   b i o l o g i c a l   p r o d u c t i o n   a n d   i n - l a k e   c h e m i c a l  
p r e c i p i t a t i o n .  

The ILERSB i d e n t i f i e d   s t a t i s t i c a l l y   s i g n i f i c a n t   c o r r e l a t i o n s  
between  the  toe-of-bluff  wave energy  and mean m o n t h l y   t u r b i d i t y  as  measured 
a t  p o i n t s  on Lake Erie a long   the   Canadian   shore  of t h e   c e n t r a l   b a s i n   a n d  
a long  a reach  of   Ohio  shorel ine.   Based  upon  model   predict ions,   the   data  
i n d i c a t e   d r a m a t i c   i n c r e a s e s   i n   t u r b i d i t y  as Lake Erie's l eve l   app roaches  
575 f e e t .  It should   be   emphas ized ,   however ,   tha t   the   h ighes t   Lake  Erie 
still-water monthly  mean  level   ever   recorded was 573.54 f e e t   i n  1973. 
S h o r t - t e r m   h i g h e r   l e v e l s   d u e   t o  wind   and   barometr ic   p ressure   e f fec ts   have  
been   recorded   and   the   d ramat ic   e f fec ts   a l luded   to   above  may only   be  
exper ienced   dur ing   per iods   o f   such   ex t remes .   Whi le   the   d ivers ion  
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scenar ios   would  he e x p e c t e d   t o   p r o d u c e   r e d u c t i o n s   i n   n e a r s h o r e   t u r b i d i t i e s ,  
such   r educ t ions  would be c o n f i n e d   t o  areas of h i g h l y   e r o d i b l e   s h o r e s .  

With a r e d u c t i o n   i n  mean l a k e   l e v e l s  o n  Lakes  Superior ,   Michigan,  
Huron  and  Ontario and a m d i   f i c a t i o n   i n   t h e  water l e v e l   f l u c t u a t i o n s ,   t h e r e  
would  be i n i t i a l  changes   i n   s ed imen t   depos i t i on ,   r e suspens ion   and   d i spe r sa l  
p a t t e r n s .   A l t e r a t i o n s   i n   t h e  amount  and areal e x t e n t  of s h o r e l i n e   e r o s i o n  
probably   would   account   for   the   major i ty  of t h e   i m p a c t s   r e g a r d i n g   t u r b i d i t y .  
U t i l i z i n g   t h e   q u a t i o n s  employed i n  t h e   I n t e r n a t i o n a l   L a k e  Erie R e g u l a t i o n  
S t u d y ,   d e c r e a s e s   i n   t u r b i d i t y  of up t o   f i v e   p e r c e n t   i n   n e a r s h o r e  areas can  
be   an t i c ipa t ed   f rom  imp lemen ta t ion  of t he   mx imum-ef fec t   d ive r s ion  
s c e n a r i o .  

The excess ive   g rowth  of the   a lga ,   Cladophora   sp . ,  i s  a c o n t i n u i n g  
a e s t h e t i c  and  nuisance  problem i n  Lakes Erie  and Ontar io .   The  pr imary 
c a u s e  of t hese   excess ive   g rowths  is  over -enr ichment   wi th   nu t r ieu ts   f rom 
p o l l u t i o n  a n d   n o t   f r o m   n a t u r a l   o r   c u l t u r a l   l a k e   l e v e l   f l u c t u a t i o n s .   O t h e r  
bas ic   g rowth   requi rements  of Cladophora   inc lude  a compa t ib l e   subs t r a t e   and  
l i g h t   a v a i l a b i l i t y ,   w h i c h  a re  i n f l u e n c e d  by vary ing   lake   l eve ls .   Lower ing  
l a k e   l e v e l s  may a f f e c t   t h e   s u b s t r a t e  area a v a i l a b l e   f o r   C l a d o p h o r a   g r o w t h ,  
depending   upon  the   spec i f ic   reach  of sho re l ine   be ing   cons ide red .  A t  t h e  
same time, d e c r e a s e d   t u r b i d i t i e s  would r e s u l t   i n   g r e a t e r   l a k e   c l a r i t y   a n d  
c o n s e q u e n t l y   i n c r e a s e d   l i g h t   p e n e t r a t i o n  and a v a i l a b i l i t y .   T h e   i n c r e a s e d  
l i g h t   i n t e n s i t y  can s t imula te   Cladophora   p roduct ion   over   and   above  that 
a t t r i b u t a b l e   t o   i n c r e a s e d   s u b s t r a t e .   T h e  ILERSB d i d   n o t   c o n s i d e r   l i g h t  
a v a i l a b i l i t y   i n  i t s  Cladophora  assessment   because of i n s u f f i c i e n t   d a t a .  
However ,   based   upon  increased   subs t ra te   a lone ,  i t  was c a l c u l a t e d   t h a t  
lower ing   Lake  Erie water l e v e l s  by one  foot   would  cause a mean i n c r e a s e   i n  
Cladophora   p roduct ion  of approximately two pe rcen t .   Wi th in   i nd iv idua l  
y e a r s   t h e r e  wou ld   be   dec reases   i n   p roduc t ion ,   bu t   i nc reases  of  up t o   1 4  
p e r c e n t  were p r e d i c t e d  €or some years. 

An a n a l y s i s  of t h e   C l a d o p h o r a   p r o d u c t i o n   i n   t h e   L a k e  Erie Bass 
Is lands   reg ion ,   where   g rowth  i s  most p r o l i f i c ,  was c a l c u l a t e d  by t h e  
ILERSB. T h i s   s t u d y   i n d i c a t e s   t h a t   t h e   c h a n g e s  i n  water l e v e l s   f o r   L a k e  
Erie as a r e s u l t  of t h e  maximum-effect d i v e r s i o n   s c e n a r i o  w o u l d   s e r v e   t o  
i n c r e a s e  mean a n n u a l   C l a d o p h o r a   p r o d u c t i o n   i n   t h e   o r d e r  of 1 .4   percent .  
Maximum annua l   i nc reases   and   dec reases   o f  7.1 percent   and  0.7 p e r c e n t  
r e s p e c t i v e l y   h a v e   b e e n   c a l c u l a t e d  as well f o r   t h e   i s l a n d  area. The  impacts  
of t h e  maximum-effec t   d ivers ion   scenar io  o n  Lake Erie ( r e d u c t i o n  of about  
f ive   i nches )   can   be   expec ted   t o   p roduce   l ake -wide   i nc reases   i n   C ladophora  
g r o w t h   s u b s t a n t i a l l y  less t h a n   t h e   a v e r a g e   c a l c u l a t e d   f o r  a one-foot 
d e c l i n e   i n  water l e v e l .  

Data f o r   L a k e   O n t a r i o  are unavai lab le ;   however ,  i t  i s  a n t i c i p a t e d  
t h a t   a n y  l eve l  r e d u c t i o n   i n   L a k e   O n t a r i o  would only t e n d   t o   s h i f t  
C ladophora   p roduc t ion   fu r the r   f rom  sho re .  It i s  l i k e l y ,  however, t h a t  
n u t r i e n t s  w i l l  become t h e   l i m i t i n g   f a c t o r   t o   C l a d o p h o r a   p r o d u c t i o n   i n   t h e  
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f u t u r e .  In f a c t ,   t h i s  i s  the   goa l  of t h e  U.S.-Canada p o l l u t i o n   c o n t r o l  
programs  cur ren t ly   underway.   I f   nu t r ien ts  become l imi t ing ,   Cladophora  
p r o d u c t i o n   i n   t h e  lower l a k e s   w o u l d   d e c r e a s e   i r r e s p e c t i v e  of lake   l eve ls .  
It appears, t h e r e f o r e ,   t h a t   t h e   d i v e r s i o n   e f f e c t s  on the   lower   l akes   wi th  
respect t o  algae product ion  would  be  minimal  and i n s i g n i f i c a n t .  

Because   Lake   Super ior  i s  q u i t e   o l i g o t r o p h i c  and cold,  i t  i s  not  
s u s c e p t i b l e  t o  i n v a s i o n  by Cladophora. Any water leve l   lower ing   would  
probably  add  to   the  Cladophora  problem along t h e   w e s t e r n   s h o r e  of Lake 
Michigan. By v i r t u e  of i t s  t empera tu re   r eg ime   and   nu t r i en t   concen t r a t ions ,  
the  Green  Ray-Sturgeon Bay r e g i o n  i s  a :Like ly   a rea   for   increased   Cladophora  
growth   resu l t ing   f rom  lowered   lake  1eve:Ls which  would  expose more 
s u b s t r a t e .  However, in t h e   f i n a l   a n a l y s e s ,   t h e   c h a n g e s   i n   C l a d o p h o r a  
product ion  in   the  upper   Great   Lakes  would  be  minimal  as a consequence  of 
the  exposure  and  subsequent  l o s s  of c u r r e n t l y   s u i   t a b l e   h a b i t a t   i f   t h e  
maximum-effec t   d ivers ion   scenar io  was implemented. 

Waste O u t f a l l s  

Reduced water levels may h a v e   a n   a d v e r s e   e f f e c t   i n  that a smaller 
volume of water i n   t h e   n e a r s h o r e   z o n e   w ' m l d   b e   a v a i l a b l e   t o   d i l u t e  wastes 
f rom  indus t r i a l   and   mun ic ipa l   ou t f a l l s .  

I n i t i a l   d i l u t i o n ,   w h i c h  i s  i m p o r t a n t   i n  a l l  o u t f a l l   s y s t e m s ,  i s  a 
f u n c t i o n  of s e v e r a l   w r i a b l e s ,   i n c l u d i n g   t h e   d e p t h  of discharge.  
I n s i g n i f i c a n t   d e c r e a s e s   i n   i n i t i a l   d i l u t i o n  would  occur a t  the   10- foot   and  
20-foot  depths.   For a t f a l l s  a t  t h e   s u r f a c e   ( e . g . ,   s t o r m   s e w e r s ) ,   e f f e c t s  
would  be l i m i t e d   t o   t h e   a e s t h e t i c   d r a w b a c k s  of o u t f a l l  head  exposure. 

T h e   I n t e r n a t i o n a l   L a k e  Erie Regula t ion   S tudy   concluded   tha t  a 
one-foot   lowering of l ake   l eve l ,   i ndependen t  of location,  would  have a 
min ima l   e f f ec t  on t h e   e x i s t i n g   i n d u s t r i a l   a n d   m u n i c i p a l   o u t f a l l s   i n   t h e  
lower lakes. No lake level decreases g ,~eater  than 0. 6 f o o t  a re  a n t i c i p a t e d  
due t o   t h e  maximum-effect   d ivers ion  scenario.  

On a volume bas i s ,   changes   i n   l ake   l eve l s  of the  magni tude 
p r e d i c t e d  w i l l  result i n  very m i n o r   r e d u c t i o n s   i n   t h e   d i l u t i o n   o f  
d i s c h a r g e s   f r o m   o u t f a l l s   t o   L a k e   S u p e r l o r   w h i l e   L a k e s  Huron and  Michigan 
would  be  reduced by less than   one- ten th   percent .  In conclus ion ,   the  
maximum-effect   d ivers ion  scenario would. n o t   a f f e c t   e x f s t i n g   o u t f a l l  waste 
d i s p e r s i o n   p a t t e r n s .  

Sumlm ry 

Implementat ion of t h e   m x i m u r r e f f e c t   d i v e r s i o n   s c e n a r i o   w o u l d   n o t  
s i g n i f i c a n t l y   a f f e c t   t h e   l o w e r   l a k e s  water q u a l i t y .   W i t h   r e s p e c t   t o  
t u rb id i ty ,   phosphorus ,   C ladophora   p roduc t ton ,   ou t f a l l   d i lu t - lon   and   gene ra l  
water   qua l i ty ,   the   maximum-effec t   d ivers ion   scenar io  would  produce only 
ins igni f icant   envi ronmenta l   changes .  [n some i n s t a n c e s  ( t u r b i d i t y  and 



phosphorus), a small p o s i t i v e   b e n e f i t  would accrue.  However, wi th  respect 
t o   s h a l l o w ,   r e s t r i c t i v e  embayments some d i l u t i o n   c a p a c i t y  would be l o s t .  
Th i s   cou ld   exace rba te   po ten t i a l  problems r e l a t ed   t o   acc iden ta l  sp i l l s  o r  
discharge  bypasses due t o  equipment  malfunction  or  cleaning.  Although  the 
maximum-effect d ive r s ion   s cena r io  would decrease   the  volumes  and  oxygen 
resources  of a l l  Great Lakes  hypolimnia, no s ign i f i can t   acce l e ra t ion   o f  
hypolimnion  oxygen d q l e t i o n  rates would  occur. 

The impacts of the  mximum-effect   d ivers ion  scenario  on  the water 
qua l i ty   o f   Lakes   Super ior ,  Huron and  Michigan and their   connect ing  channels  
would be s l igh t   and/or   shor t - l ived .   Levels  of turbidi ty ,   Cladophora,  
n u t r i e n t s  from  erosion,  sediment  transport  and waste d i spe r s ion  would no t  
change  appreciably.  Any negat ive   e f fec ts   p robably  would occur   in   shal low 
bays   wi th   res t r ic ted   openings   to   the   l ake .   In   such  embayments, reduced 
water l e v e l s  would i n c r e a s e   s t a g n a t i o n  as well as  t h e   p o t e n t i a l   f o r  damage 
i f   p o l l u t a n t s  were r e l eased   w i th in   t he  bay. 

8.5.3.4 Environmental   Effects   on  Diversion Areas 

Lake  Michigan  Diversion a t  Chicago(‘’) 

Because the  amount of water d iver ted   th rough  the  Lake  Michigan 
Diversion  system a t  Chicago  could  be  s ignif icant ly   increased by t h e  
maximum-effect d ivers ion   scenar io ,  it is necessary   to   cons ider   the  
environmental  consequences of such a d ive r s ion   i nc rease  on t h i s  waterway 
system as well. The increased   d ivers ion  would a f fec t   the   envi ronmenta l  
cond i t ions  of t h e   I l l i n o i s  Waterway i n  many ways. The m j o r   c o n c e r n s  of 
immediate  consequence are: water qual i ty ,   sediment   condi t ions  and  the 
b io t a .  Both b e n e f i c i a l  and adverse  condi t ions would occur   with  an 
increased   d ivers ion .  

Inc reases   i n   d i s so lved  oxygen con ten t  (DO),  r e d u c t i o n   i n  ammonia, 
d i l u t i o n  of o the r   t ox ic   subs t ances  and temperature   reduct ions will occxr   i n  
the Canal Reach and Upper Valley Reach of the   I l l ino i s  Waterway, with 
c o n c u r r e n t   b e n e f i t s   t o   a q u a t i c   l i f e .   A d v e r s e   e f f e c t s  would inc lude  
s c o u r i n g   i n   t h e   C a n a l  Reach r e s u l t i n g   i n  downstream movement of po l lu t ed  
canal   bot tom  deposi ts ,  and p o s s i b l e   r e d u c t i o n   i n  DO l e v e l s   i n   t h e  LaGrange 
Pool  (River Mile 80  t o  River  Mile 158) during low flow  periods. 

Diversion-induced  increases   in  water v e l o c i t y  would c o n t r i b u t e   t o  
i n c r e a s e d   t u r b i d i t y  and p o s s i b l e   i n c r e a s e s   i n   s e d i m e n t a t i o n   i n   b a c k w t e r  
lakes .  

The greatest   change would probably  occur   to   the  waterway’s   biota .  
Increased   d ivers ion  would i n c r e a s e   t h e   a v a i l a b i l i t y  of deepwater   habi ta t  
which  could  benefit   populations of  muskrats  and some fish.   Adversely,  i t  
could   reduce   the   l i fe   expec tancy  of bot tomland  forest   wi th  a consequent 
h a b i t a t   r e d u c t i o n   f o r  terrestrial ve r t eb ra t e s ;   dec rease   t he  area of a q u a t i c  
vege ta t ion  and   assoc ia ted   fauna;   e l imina te   mudf la t s   for   mois t   so i l   p lan ts  
which  provide  shorebird  habi ta t   and  food  for   waterfowl  and  decrease  the 
e x i s t i n g  marshes and assoc ia ted  spawning  grounds. New shallow areas 
c rea t ed  by h ighe r   s t ages  would provide new p o t e n t i a l   h a b i t a t   f o r  
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semi-emergent   and  f loat ing  plant   communit ies  and f u r n i s h  a f a v o r a b l e  
env i ronmen t   un t i l   t he   ex i s t ing   s ed imen ta t ion   t r end   wou ld   aga in   deg rade   t he  
new h a b i t a t .   I n c r e a s e d   d i v e r s i o n   w o u l d   a l s o   i n c r e a s e   t h e   L a k e   M i c h i g a n  
type  plankton  communit ies   in   the  waterway.  

Recause  increased  divers ions  f rom  Lake  Michigan a t  Chicago  would 
b e   i n t e r m i t t e n t   i n   n a t u r e ,  a l l  b e n e f i t s  are temporary  and  periodic.  
Converse ly ,   any   de t r iments   caused   thereby  may p e r s i s t   l o n g   a f t e r   i n c r e a s e d  
d i v e r s i o n  i s  c u r t a i l e d .  

Long  Lac/Ogoki  Diversions 

It is n o t   p o s s i b l e   t o  directly i d e n t i f y   t h e   e f f e c t s   t h a t   t h e  
maximum-effect  diversion  scenario  would  have on t h e   a q u a t i c   r e s o u r c e s   o f  
t h e  Long  Lac/Ogoki  Diversions.  There is, however ,   cons iderable   publ i shed  
material f r o m   o t h e r   s t u d i e s   i n   N o r t h  America and  Europe  that   has   provided 
some g u i d a n c e   i n   i d e n t i f y i n g   p o s s i b l e  areas of concern. 

T h e   r e s e r v o i r s  of the  system,  Lake  Nipigon,  Long Lake  and  Ogoki 
would  not be a f f e c t e d  by t h e   d i v e r s i o n   s c e n a r i o s .  They would  continue t o  
b e   o p e r a t e d   w i t h i n   t h e  limits set by the   p rov ince  of Ontario.  

The   p re sen t  method of o p e r a t i n g   t h e   d i v e r s i o n s   h a s   f l a t t e n e d   c u t  
the  natural   downstream  hydrographs by wi thho ld ing   sp r ing   f l ood  waters i n  
t h e   r e s e r v o i r s   f o r  release during law w t e r  periods.  T h i s  m y  have had 
e f f e c t s  on: the   t empera ture   reg ime of t h e   r i v e r s ;   t h e   s i l t a t i o n  of 
po ten t i a l   spawning  sites; t h e   t i m i n g  of freeze-up  and ice  break-up i n   t h e  
r i v e r s ;   t h e   d i s t r i b u t i o n   a n d   a b u n d a n c e  of benth ic   o rganisms  and   the  
b e h a v i o u r ,   d i s t r i b u t i o n  and  abundance of c e r t a i n  species of f i s h .  It does 
not   appear   tha t   even   the   maximum-effec t   d ivers ion   scenar io   would   a l lev ia te  
t o  any s i g n i f i c a n t   d e g r e e   t h e   d i s t u r b a n c e s   c r e a t e d  by t h e   o p e r a t i o n a l  mode 
now i n   e f f e c t .  However, t h e  Long  Lac/O;;oki  Diversions  systems  have 
e x p e r i e n c e d   r e - r o u t i n g   i n t o   t h e i r   f o r m e r   d r a i n a g e   p a t t e r n s   f o r   e x t e n d e d  
p e r i o d s   d u r i n g  1952 and 1974. In order t o  help r e l i e v e   p r e v a i l i n g   h i g h  
water l e v e l s  on t h e  Great Lakes ,   d ive r s ion  waters were routed  northward  or  
s t o r e d   i n   L a k e   N i p i g o n   d u r i n g   t h o s e   p e r i o d s .  

I n  the   no r thward - f lowing   r i ve r s ,   t he   e f f ec t s  of t h e   p r e s e n t  
d i v e r s i o n   p r a c t i c e s   m y   h a v e   b e e n   b u f f e r e d  somewhat by t h e   i n f l o w s  from 
t r i b u t a r y  streams a few miles downstream of t h e   c o n t r o l   s t r u c t u r e s .  The 
ex i s t ing   d ive r s ion   sys t em  p robab ly   p roduced  mny of the   downs t r eam  e f f ec t s  
noted  above, as well as e f f e c t s  on de l td   fo rma t ion  a t  t h e  mouths of t h e  
t r i b u t a r y  streams and t h e   i n v a s i o n  of t e r r e s t r i a l   r i p a r i a n   v e g e t a t i o n   i n t o  
the   o ld   r i ve rbed .  

Any  of t h e   d i v e r s i o n   s c e n a r i o s   w o u l d   i n i t i a l l y   d i s r u p t   t h e  
terrestr ia l  e c o s y s t e m s   t h a t   a r e  now es t ab l i shed   immedia t e ly   be lm  the  
c o n t r o l   s t r u c t u r e s .  The a rhythmic   na ture  of any   d ive r s ion   s cena r io   wou ld  
f u r t h e r   d i s r u p t  the aquat ic   ecosys tems on b o t h  sides of the Ogoki  and Long 
Lake r e s e r v o i r s .  
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Welland  Canal 

The  Welland  Canal i s  a deep   draf t ,  man-made waterway joining  Lake 
Erie wi th  Lake  Ontario  across  the  Niagara  Peninsula i n  Ontario,  Canada. I n  
th i s   con tex t ,   t he   " env i ronmen t"   fo r   t he  Welland  Canal i s  a cont r ived  
fea ture   which  was never   in tended   to   s tab i l ize   comple te ly .   S ince   the   ear ly  
days of t h e   f i r s t  Welland  Canal,   the  steady  pressure of i n c r e a s i n g   t r a f f i c  
has  brought  about  successive  extensions and enlargements   to   the  navigat ion 
f a c i l i t i e s  and  hydropower  developments  to m e t  the  expanding  requirements 
of t r ade  and  population.  Recent  diversions  have  approached  an  average 
9,000  cf s. Maximum discharge  capacity  through  the  canal  associated 
f a c i l i t i e s  are es t imated   to  be no more than  10,000  cfs.   Therefore,   any 
a d d i t i o n a l   d i v e r s i o n s   t h r o u g h   t h i s  waterway  would  be r e l a t ive ly   minor  and 
a d d i t i o n a l  impacts to   the  environment  - over and  above those now 
experienced - would  be  expected  to be correspondingly  minor as  well. The 
cana l   has   no t   s ign i f i can t ly   a f f ec t ed   l and   d ra inage ,  as most l o c a l  streams 
and  r ivers  are d iver ted   para l le l   to   o r   benea th   the   cana l .  Most of t he  
water withdrawn  from  the  canal  for  municipal  and  industrial   usages i s  
re turned   to   the   cana l   under   gu ide l ines   p rescr ibed  by t he   On ta r io   Min i s t ry  
of  Environment. 

New York State   Barge  Canal   System 

The e f f e c t s  of t h e  New York S ta te  Barge  Canal are very small and 
a re  general ly   ignored i n  s t u d i e s  on Great Lakes water levels .   Diversion 
f lows   in   recent   years  are est imated  to   average  about  700 cfs  annually  which 
i s  about 0.3 pe rcen t  of the  Lake Erie outflow  through  the  Niagara  River.  
S i n c e   t h i s   d i v e r s i o n  is  made from  well  below the  head of the   Niagara   River  
which i s  the  ll~i j o r   hydrau l i c   cu t   f l ow from  Lake Erie, i t  does   no t   a f fec t  
Lake Erie l eve l s .  

A l t e r a t i o n s   i n   t h e  water l e v e l s  of t h i s   d ive r s ion   sys t em would b e  
extremely  minor as a result of implementation of the  mxirnum-effect 
d ive r s ion  scenario. A s  a consequence, environmental  impacts would be 
largely  immeasurable and expected  to be of l i t t l e  s igni f icance .  

8.5.4 S o c i a l   E f f e c t s  

The  follcwing  assessment of poss ib l e   soc i a l   impac t s  i s  based  on 
informat ion   f rom  the   In te rna t iona l   Lake  E r i e  Regulation  Study  Board, 
(1981  and upon t h e   a p p l i c a t i o n  of those  determinat ions  to   other  
areas of t h e  Great Lakes. The social   impact   assessments  are mainly 
q u a l i t a t i v e ,   r a t h e r   t h a n   q u a n t i t a t i v e .  That Board ' s   r epor t   s egmnts  on 
Recreat ional   Boat ing  Evaluat ion  and Water Quality  Analysis were used as a n  
a id   i n   eva lua t ion   t echn iques .  

8.5.4.1  Population  Growth 

The rate of populat ion  growth  in   the  Great   Lakes  basin i s  
dec reas ing ,   e spec ia l ly   i n   t he  major urban  centers  of the   Uni ted   S ta tes .  
Expe r t s   po in t   t o   t he  U.S. reg ion ' s   dec l in ing  economy as the  major  reason 
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f o r  a r e d u c t i o n   i n   t h e  rate of p p u l a t i c m  growth.  The lower l ake   l eve l s  
t h a t  would r e s u l t  from  the maximum-effec.t d ivers ion   scenar io   would   have  a 
n e g l i g i b l e  direct  e f f e c t  on the   popula t ion   dynamics  of the   bas in .  However, 
s ince   lower   l eve ls   would   have   nega t ive   impacts  on commercial   navigat ion  and 
e l e c t r i c a l   e n e r g y   p r o d u c t i o n   c o s t s ,   e m p l o y m e n t   o p p o r t u n i t i e s   c o u l d   a l s o  be 
a f f ec t ed   adve r se ly   wh ich   cou ld   i n f luence   popu la t ion  movement out of t h e  
bas in .  

8.5.4.2 Recreation 

Hunting 

Lower  lake  levels   could  cause a r e d u c t i o n   i n   t h e   a c r e a g e  of 
hemi-marsh h a b i t a t .  The hemi-marsh is the  optimum c o n d i t i o n   f o r   w i l d l i f e  
s p e c i e s   d i v e r s i t y .  Water l e v e l s  below  t.he h i s t o r i c a l  long-term m a n  
encourage  the  predominance of sedge/meadow  vegetat ion.   This   condi t ion 
favors   up land  game species, such as w h i t e - t a i l e d   d e e r  and c o t t o n t a i l  
r a b b i t s ,  a t  the  expense of wet land-deper .dent   wi ld l i fe   and   water fowl ;  i .e.,  
muskrat,   ducks and s e s e .  Should  wetlarid-dependent game species be 
rep laced  by up land   spec ie s ,  a c o n c o m i t a n t   s h i f t   i n  the area's h u n t i n g  
r e sources   cou ld   occu r .  

Waterbirds   including  ducks,   geese and shoreb%rds ,   requi re   wet land  
for   b reeding ,   feed ing ,   rear ing   and   s tag ing   a reas .   Saginaw Bay, Lake S t .  
Clair  and the   wes te rn  end of Lake Erie, a l l  n e a r   m j o r   p o p u l a t i o n   c e n t e r s ,  
a r e  wel l  known c o n c e n t r a t i o n  areas fo r   mig ra t ing   wa te r fowl .  The migrants  
s t o p   a t   t h e s e   l o c a t i o n s   t o  rest and  feed on t h e i r   y e a r l y   t r a v e l s .  
Tremendous  numbers of b i rds   congrega te   due   to   the   p ro tec ted   envi ronment   and  
a v a i l a b i l i t y  of food. Key foods are  of the  submergent  and  emergent 
vege ta t ion   t ypes .  Any water l e v e l   c h a n g e s   t h a t   w o u l d   r e s u l t   i n   t h e   s h i f t  
o f   submergen t / emergen t   vege ta t ion   t o  sedge/meadow v e g e t a t i o n ,   w i t h   t h e  
subsequen t   dec l ine  of t h e  area as a wa te r fowl   hab i t a t ,   wou ld   adve r se ly  
a f f e c t   r e c r e a t i o n .  Not on ly   wou ld   hun t ing   i n t e re s t s   be   a f f ec t ed ,   bu t   such  
non-consumpt ive   r ec rea t iona l   i n t e re s t s  a s  b i rd   watching  and  photography 
c o u l d  be a f f e c t e d   a s  well. 

F i sh ing  

Many important   @mefish,   which  include  largemouth  bass ,   nor thern 
p ike   and   muskel lunge ,   requi re   wet lands   f 'o r   surv iva l .  Some s p e c i e s  are even 
dependent  on s p e c i a l i z e d   c o n d i t i o n s .   F o r  example,  nor thern   p ike   (Esox  
l u c i u s )  are dependent on e a r l y   s p r i n g  f 1.ooding of sedge   or   shrub  meadows 
f o r  spawning.  Adults  feed and rest i n   f l o a t i n g ,  submerged  and  emergent 
vege ta t ion   t h roughou t   t he  warm months .   Juveni le   f i sh   re ly   on   heavy  
v e g e t a t i o n   f o r   c o v e r  and a l s o   f e e d  on t h e   i n v e r t e b r a t e   p o p u l a t i o n s   t h a t  
inhabi t   the   submerged   vege ta t ion .   Also ,   h igh  water i s  i m p o r t a n t   t o  
f a c i l i t a t e   t h e   i n t e r c h a n g e   b e t w e e n   t h e  :Lake and the   we t l and ,   t hus  
pe rmi t t i ng   f i sh   spawning   ( e .g . ,   no r the rn   p ike )  as well as the   we t l and  
r e a r i n g  of f o r a g e   f i s h   ( J a w o r s k i  e t  a l ,  1979). (15) 

The  importance of t h e  Great L a k e s   t o   r e c r e a t i o n   f i s h i n g  i s  wel l  
documented.   Sport   f ishing  has  j u s t  r ecen t ly   begun   t o  make a comeback  from 
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t h e   d e s t r u c t i o n   i n f l i c t e d  on t h e   s p o r t  due t o   p o l l u t i o n  and the  lamprey 
eel .  Precaut ions  should  be  taken  not   to   impede  the  progress  of t h i s  
recovery.  Lake l e v e l   c h a n g e s   t h a t   r e d u c e   t h e  area of w e t l a n d   h a b i t a t  may 
be h a r m f u l   t o   s p o r t   f i s h i n g .  However, there   have  not  been  enough s t u d i e s  on 
t h e   s u b j e c t  of impac t s   t o   f i sh   caused  by water l eve l   changes   t o  tmke a 
q u a n t i t a t i v e   a s s e s s m e n t  of the  impacts .   Should a d i v e r s i o n   s c e n a r i o   b e  
s e l e c t e d   f o r   i m p l e m e n t a t i o n ,  s i t e  s p e c i f i c   s t u d i e s  would  be  necessary. 

Beach   Recrea t ion /Boat ing   Recrea t ion  

Implementation of t he   tmx imum-ef fec t   d ive r s ion   s cena r io   mu ld  
g e n e r a l l y  be b e n e f i c i a l   t o   b e a c h   r e c r e a t i o n  by exposing more beach area. 
The  amount of new beach area exposed  would vary l o c a l l y  and  depend  upon: 
1 )  the  magni tude of water l eve l   l ower ing   and  2 )  t he   l oca l i zed   bo t tom 
c o n t o u r s ;  i .e . ,  d e g r e e  of s lope.  The g r e a t e s t   i m p a c t s   o n   r e c r e a t i o n a l  
b o a t i n g  would occur   i n   t he   nea r shore  area, the   approach   channels ,   harbors  
and   bays .   Recrea t iona l   boa t ing   channels   tha t  are p r e s e n t l y  a t  o r  
approaching   the  minimum depth   for   boa t   passage  may need  dredging  should a 
d i v e r s i o n   s c e n a r i o  be implemented. Also, some d o c k i n g   f a c i l i t i e s  may be 
rendered  unusable .  The methodology  used  to   evaluate   the  changes  which 
would  occur i n  t h e s e  areas under   the   mximum-effec t   d ivers ion   scenar io ,  and 
t h e   r e s u l t s  of t hese   eva lua t ions ,   have   been   p re sen ted  earlier.  (See 
S e c t i o n s  8.3.2.1 and 8 . 5 . 2 ) .  

8.5.4.3 Water   Qual i ty  

Impacts  of t he   mx imum-ef fec t   d ive r s ion   s cena r io  on water q u a l i t y  
and water use as r e l a t e d   t o   p o p u l a t i o n   d y n a m i c s  would  be a t  most s l i g h t  
a n d / o r   s h o r t - l i v e d .  The m s t  n o t i c e a b l e   n e g a t i v e   e f f e c t s   c o u l d   o c c u r   i n  
s h a l l o w   b a y s   w i t h   r e s t r i c t e d   o p e n i n g s   t o   t h e  main lake .  In such  
embayments,  reduced water levels could increase s t a g n a t i o n  as well as t h e  
p o t e n t i a l   f o r  damage i f   p o l l u t a n t s  were re l eased   w i th in   t he   bay .   Ex tended  
p e r i o d s  of such   cond i t ions   wou ld   ce r t a in ly   i n f luence   t he  hunmn use of an 
area so impacted. Water qua l i ty   migh t   r ea l i ze   s l i gh t   improvemen t s  from a 
r e d u c t i o n  of non-po in t   s ed imen t   l oad ing   w i th   t he   l e s sen ing   o f   sho re l ine  
e r o s i o n .  More d e t a i l s  on t h i s   t o p i c  were presented  ear l ie r  in Sect ion  
8.5.3.3. 

8.5.4.4 Shore   Eros ion  and Coas ta l   F looding  

Shore l ine   e ros ion   and   coas t a l   i nunda t ion   p rocesses  are s e n s i t i v e  
t o   c h a n g e s   i n   l a k e  water l e v e l s .  S i n c e  t h e  maximum-effect d i v e r s i o n  
scena r io   wou ld   s e rve   t o   r educe   t he  mximum mean l ake   l eve l s  and decrease  
the   range  of mean water levels ,   posi t ive  socio-economic  impacts   would 
result  f r o m   t h e s e   m d i f i c a t i o n s .  The nnst o b v i o u s   e f f e c t s   f r o m  lowered 
water l e v e l s  would  be a reduct ion   in   coas ta l   p roper ty   damages ,   monetary  
l o s s  and human stress. Othe r   bene f i t s   r ea l i zed   wou ld   be  a l e s s e n i n g  of 
non-point   sediment   loading  to   the  lakes   which,   in  t u r n ,  would h e l p   t o  
enhance  nearshore water q u a l i t y  by reducing as a result of decreased 
e r o s i o n ,   t u r b i d i t y   a n d   c h e m i c a l   i n p u t   r e c e i v e d   f r o m   t h e   s o i l s   b e i n g   e r o d e d .  
Aesthet ic   values   would be  renewed by d imin i sh ing   t he  v i sml  los ses   wh ich  
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r e s u l t  from eroded  shorel ines ,  submerged beaches and the  emplacgnent of 
p r o t e c t i v e   s t r u c t u r e s .  A supplementary  benefit  might be r ea l i zed  from a 
reduct ion   in   publ ic   expendi tures   for   cog .s ta l   hazards  management s i n c e   t h e r e  
would be a concomi tan t   decrease   in   government   e f for t   to   a id  i n  flood  and 
e ros ion   p reven t ion ,   mi t iga t ion   o r  disaster recovery. 

8.5.4.5  Summry 

Implementation of the  mximum-effect   d ivers ion  scenario  should 
not   produce  any  s ignif icant   social   effects .   Populat ion  growth  t rends would 
not  be d i r e c t l y   a f f e c t e d ;  however ,   adverse  impacts   on  waterborne  cmmrce 
and power product ion  could  induce  populat ion  shif ts .   Hunt ing  pressure may 
s h i f t  from  wetland-dependent @me to  upland species. Non-consumptive 
wi ld l i f e - r e l a t ed   r ec rea t ion   cou ld   expe r i ence  a s l i g h t   d e c l i n e .  Beach u s e  
would l i k e l y   b e n e f i t  from m r e  exposed  shorel ine,   but   recreat ional   boat ing 
cou ld   e i the r   bene f i t   f rom a s t a b i l i z a t i o n  of water l e v e l  extremes o r   s u f f e r  
adverse ly  from a reduced water depth   in   sha l low areas such as approach 
channels,  marinas  and embayments. Adver se   impac t s   t o   t he   spo r t   f i she ry   i n  
s p e c i f i c   n e a r s h o r e  areas cou ld   a l so  be Incurred by lower water leve ls .  
Water qua l i t y   cou ld  be  inf luenced  e i ther   adversely  f rom  increased  degrees  
o f   c o n t a m i n a t i o n   i n   r e s t r i c t e d  bays as a result of lowered water l e v e l s   o r  
benef ic ia l ly   f rom  the   reduct ion  of sediment  loading as a r e s u l t  of less 
shore  erosion.   Coastal   property owners could   benef i t  as a result of 
decreased  erosion-induced damages. The pe rce ived   bene f i t s   o r   d i sbene f i t s  
would be r e l a t i v e l y  modest as the   ind ica ted  water level   reduct ions  produced 
by the  maximum-effect d ive r s ion   s cena r io  are r e l a t i v e l y  minor. 

8.6  Evaluation  of  Consumptive Uses 

Sec t ion  6 of t h i s   r e p o r t   d e s c r i b e s   i n   d e t a i l   t h e   c u r r e n t   c o n s u m p t i v e  
u s e s  of water wi th in   the  Great Lakes baE,in. The s e c t i o n   a l s o   o u t l i n e s   t h e  
future losses which could  occur i f  the  present  trends (most l i k e l y  
p r o j e c t i o n  - MLP) cont inue  and c e r t a i n   p u b l i c  laws are f u l l y  implemented. 
Coupled  with  these  project ions are high  and low estimates about   the  MLP. 
These   p ro jec t ions  are presented   in   F igur ,es  8-2 to   8 -4 .   The  MLPs are  
summarized on   F igure  8-2 which shows t h a t   t h e r e  would  be  very l i t t l e  e f f e c t  
on   the  volume of Lake  Superior,  as  a res,ult of increasing  consumptive  uses, 
from  about 240 c f s   i n  1975 t o  740 c f s  by the  year 2035. Over t h e  same 
period,  consumptive  uses from the  Lake E,rie b a s i n  are  expected  to   increase 
from  about  2,200  cfs to approximately  9,500 cfs. The r a t i o  of i nc rease  on  
both  of these  lake  basins  i s  about  equal.; i . e . ,  four   to  one. However, t h e  
impact on l e v e l s  and  flows w i l l  be more pronounced f o r  Lake Erie, because 
of  i t s  s i z e  and t h e   f a c t  i t  will be experiencing  the  impact of a l l  upstream 
los ses .  The r a t i o  of i nc rease  on the   o ther  two l a k e s  (Lakes  Michigan- 
Huron, f i v e   t o  one  and  Lake  Ontario,  nine  to  one) a r e  somewhat h igher   than  
those  shown f o r  Lakes  Superior  and Erie. 
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3.6.1  Hydrologic E€ f e c t s  

I n  o r d e r   t o   o b t a i n  an i n d i c a t i o n  O F  t h e   h y d r o l o g i c   e f f e c t s  of 
pro jec ted   consumpt ive  uses (as shown on F i g u r e  8-2 t o  8 - 4 )  on Great Takes 
l e v e l s  and outf lows,   the   Board  employed  three wtlu>cls fo r   compar i s ion  
purposes .  

Xethod 1 a s s u m e d   t h a t   t h e   h i s t o r i c a l  water supp ly   r ece ived   du r ing   t he  
period  1916-1976  would be r epea ted  i n  t h e  same sequence and m g n i t u d e  o v e r  
t h e   n e x t   6 0   y e a r s .  To d e t e r m i n e   t h e   h y d r o l o g i c   e f f e c t  011 l eve l s   and  
ou t f lows ,   t he   yea r ly   p ro j ec t ed   consumpt ive   u ses  were sub t r ac t ed   f rom  the  
y e a r l y   h i s t o r i c a l  water supply.  The re su l t an t   r educed  water supp ly  was 
routed   th rough  the  lake system. 

Method 2 used   the  same h i s t o r i c a l   w a t e r   s u p p l y   r e c o r d  as Netlwd 1. 
However, t o   d e t e r m i n e   t h e   h y d r o l o g i c  impact, the  consulnptivc  uses a t  each 
1 0   y e a r  increment were s u b t r a c t e d  from t h a t   t o t a l  water supply   record .  The 
r e s u l t a n t   r e d u c e d  water supp ly  was routed   th rough  the   l ake  system t o   o b t a i n  
s ix   compar i sons  on t h e   h i s t o r i c a l  water supply  per iod.  

Method 3 r e f l e c t s  the  fact  t h a t  t f e  wa te r   supp ly   (bo th  i n  s e q ~ e n c e  and  
m a g n i t u d e )   f o r   t h e   n e x t  6 0  y e a r s  i s  unknown,  but  assumes t h a t   t h e   a v e r a g e  
water supply   for   tha t   60-year   per iod   wculd   be   the  same as the   his tor ic : ,  
average  (1916-1976).  To de t e rmine   t he   hydro log ic  impact, t h e   p r o j e c t e d  
consumptive uses as eva lua ted  undt? r bot 11 Method 1 and 2 were each 
s u b t r a c t e d   f r o m   t h a t   a v e r a g e  water supply  and  each  routell   through  the 
s y s  tern t o   o b t a i n  two addi t iona l   compar isons .  

The results of apply ing   each  of t h e s e   t e c h n i q u e s   w i t h   t h e  NLP a r e  
summarized i n  Tables 8-1.5 and 8-16 and  the impact on the mean l e v e l  has 
been   p lo t t ed  on F i g u r e s  8-5 and 8-6 a s  a devia t ion   f rom  the  
basis-of-comparison. 

The resu l t s  show that under  a l l  tllrec methods  (except   €or  Lake C)ntario 
under  Method 3 )  t l lere   would be a genc?rtal  loweriag of lake   l eve ls   th roughout  
t h e  system. Methods 2 and 3 d e m o n s t r a t e   ( f o r   t h e  u p p e r  l a k e s )   t h a t   t h e r e  
would be on ly  a s l i g h t  impact on t h e  r.Allge of l e v e l s .  However:, Lake 
O n t a r i o   p r e s e n t s  a n  anomaly   to   tha t   s i i :ua t ion .  On t h a t   l a k e  the range 
would bp i n c r e a s e d  by approximately 1. 2 5  f e e t  under  Nethod 1 and by 5. 5 
f e e t   u n d e r  Method 2 when t h e   p r o j e c t e d   i n c r e a s e s  in consumptive  uses  are 
a p p l i e d  t o   t h e   h i s t o r i c a l  water supply  per iod.  T h i s  i s  due to tile f a c t  
th ; l t   under   Regula t ion  Plan  1958-1) ( t h e  current r e g u l a t i o n  p l a n  f o r   t h a t  
l a k e )   f i x e d  nini.rnum f1cwri a r e  emp'loyed. Hence, under  the  reduced w a t e r  
s u p p l y  s i t u a t i o n  and t h e   f i x e d  minlmum f l o w ,  more s t o r a g e  would be 
c x t   r a c t e d  from the  lake than under t h e   c o n d i t i o n  €or  which  Plan 195U-D was 
des igned .  This is i n  c o n t r a s t   t o   t h e   u n r e g u l a t e d  lakes  (Lakes 
Xichigan-Iluron  and  Erie) in which  lake o u t f l o w  r e f l e c t s  tlle water   supply 
s i t w t i o n  (as t h e   l e v e l  is  reduced, so is  t h e   o u t f l o w ) .  L i t t l e  impact i s  
shnti:\ on Lake S u p e r i o r  (a  regu1;~te-d l a k e  which also employs a f i x e d  minimun~ 
f l c ) w ) ,  because of i t s  s i z e  and t h e  m i n i m a l  p r o j e c t e d   i n c r e a s e  i.n 
consumptive  use over  the  n e x t  6 0  year:;. 
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LAKE SUPERIOR 

Zlean 
Max * 
Min. 
R a n g e  

LAKES MICHIGAN-HURON 

Me an 
Max. 

w Hin. 
d R a n g e  
W 

LAKE ERIE 

N e a n  
Elax. 
Min. 
Range 

LAKE ONTARIO 

Me a n  
Max. 
Min .  
R a n g e  

TABLE 8-15 
EVALUATION OF PROJECTED CONSUMPTIVE USES USING ACTUAL CONDITIONS FOR PERIOD 1916-1976 

LEVELS AND FLOWS 
MLP 

B a s i s - o f - C o m p a r i s o n  
(1916-1976) Method 1 

F e e t   T c f s  

600.39  77 
601.65 120 
598.67 55 

2.98 65 

578.17 184 
581.13  232 
575.47 112 

5.66 120 

570.73  207 
573.59  270 
568.09  152 

5.50  118 

244.74 241 
249.42  310 
241.58  188 

7.84 122 

F e e t   T c f s  

600.30  77 
601.60  120 
598.65  55 

2.95 65 

577.90 1 8 1  
580.91 230 
575.01 110 

5.90 1 2 0  

570.44 2 0 1  
572.94 257 
567.75 1 4 8  

5.19 109 

244.23 234 
247.16 3 1 0  
238.04 1 8 8  

9.12 122 

Method 2-10 

F e e t   T c f s  

600.36  77 
601.65 120 
598.62  55 

3.03 65 

578.09  183 
581.06  231 
575.38 111 

5.68 120 

570.65  205 
573.52  269 
568.01  150 

5.51 119 

244.67 240 
248.89 310 
240.99 188 

7.90 122 

Method 2-20 

F e e t   T c f s  

600.33  77 
601.64 120 
598.60  55 

3.04 65 

578.01  182 
580.97 230 
575.29 110 

5.68 120 

570.57  203 
573.42 266 
567.92  148 

5.50  118 

244.56  237 
248.39  310 
240.40  188 

7.99 122 

Method 2-30 

F e e t   T c f s  

600.30  77 
601.61  120 
598.56 55  

3.05 65 

577.91  181 
580.88  228 
575.19 109 

5.69 119 

570.47  201 
573.34 264 
567.81  146 

5.53 118 

244.38  235 
248.10  310 
239.71  188 

8.39 122 

Method 2-40 

F e e t   T c f s  

600.26  77 
601.60  120 
598.52  55 

3.08 65 

577.80  179 
580.74  226 
575.07 107 

5.67 119 

570.34  199 
573.20  261 
567.68  144 

5.52 117 

244.13  232 
247.77  310 
238.74  188 

9.03 122 

Method 2-50 

F e e t  

600.20 
601.51 

3.03 
598.48 

577.63 
580.57 
574.89 

5.68 

570.18 
573.03 
567.49 

5.54 

243.58 
247.36 
237.19 

10.17 

T c f  s 

77 
119 
55 
64 

178 
224 
105 
119 

195 
257 
140 
117 

227 
310 
188 
122 

Method 2-60 

F e e t   T c f  s 

600.13 7 7  
601.49 118 
598.40  55 

3.09 63 

577.42  175 
580.35  221 
574.66  103 

5.69 1 1 8  

569.96  191 
572.81  252 
567.25  136 

5.56 116 

242.30  222 
247.02  310 
233.50  188 

13 .52   122  
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Method 3 shows  the same a p p a r e n t  e f fec t  on t h e  man l e v e l s   t h a t  i s  
shown by Method 2 f o r  Lakes  Superior,  Michigan-Huron  and Erie. However, 
Lake  Ontar io   again  presents   an  anomaly.  In t h i s  case t h e  mean l e v e l s  would 
rise w i t h  time. This is  d u e   t o   t h e   e f f e c t  of employing the c o n s t a n t  
a v e r a g e  water supply   coupled   wi th   the   increas ing   consumpt ive   use  on 
Regula t ion   P lan  1958-D. In e f f e c t ,   t h e   r e d u c e d  water supply  would  cause 
Plan 1958-D t o   p r e v e n t   t h e   l a k e  from  dropping  too low by r e d u c i n g   t h e  
ou t f low  and   p l ac ing  water i n t o   s t o r a g e   e q u a l   t o   t h e   r e d u c t i o n   i n  water 
supp ly .  It would appear ,   f rom an a n a l y s i s  of t h e   r e s u l t  of Methods 2 and 
3, that  marked r e v i s i o n s   t o   P l a n  1958-D, as designed,   would  be  required 
p r i o r   t o   t h e   y e a r   2 0 0 0 ,   i f   t h e   r e d u c t i o n   i n  water s u p p l y   o c c u r s   ( a s  
p r o j e c t e d  by t h e  MLP) and t h e  c r i te r ia  fo r   r egu la t ion   o f   Lake   On ta r io  are 
t o  be s a t i s f i e d   t o   t h e  same degree  as a t  p r e s e n t .  

8.6.2 Qua l i t a t ive   Economic   Ana lys i s  of Consumptive Uses 

The  hydrologic   impacts  of the  consumptive  uses  MLP t o   t h e   y e a r   2 0 3 5  
are shown i n   T a b l e s  8-15 and 8-16. The t a b l e s   i n d i c a t e  that on a l l  l a k e s ,  
except   Lake   Ontar io ,   the   range  of l e v e l s  would  remain  approximately the 
same. However, the i r   reg imes   would  be lowered  and mean l eve l s   r educed   f rom 
0.25 t o  0.75 of  a f o o t .   S i m i l a r  results are produced  whether a p a r t i c u l a r  
hydro log ic   s equence  is employed   or   average   condi t ions  are assumed. 

To o b t a i n  an i n d i c a t i o n  of the qual i ta t ive   economic   impacts  of t he  
lower ing  shown on T a b l e s  8-1 5 and 8-16, a comparison  can  be made w i t h  the 
impacts  produced by the lowerings  which  would  occur  through  the management 
o f   e x i s t i n g   d i v e r s i o n s   ( T a b l e  8-3). S c e n a r i o  9 ( t h e  maximum-effect 
d i v e r s i o n   s c e n a r i o )  shows a lower ing  of the mean l e v e l s  on Lakes   Super ior  
and  Michigan-Huron of 0 . 1 5   f o o t   a n d   0 . 3 5   f o o t   r e s p e c t i v e l y .  This lowering 
i s  comparable   to  that  which is produced by the  consumptive  use MLP in   abou t  
4 0   y e a r s ,   T a b l e s  8-15 and  8-16  (2-40;  3-40). Tab le  8-6 i n d i c a t e s   t h a t   t h e  
maximum-effec t   d ivers ion   scenar io   (Scenar io  9 )  would  produce an ave rage  
a n n u a l   b e n e f i t   t o   t h e   c o a s t a l   z o n e   i n t e r e s t  of about  s i x  m i l l i o n   d o l l a r s .  
Since similar lower ing  of l e v e l s   r e s u l t s   f r o m   c o n s u m p t i v e   u s e   p r o j e c t i o n s ,  
b e n e f i t s   t o   c o a s t a l   z o n e   i n t e r e s t s  of t h e  same o r d e r  of  magnitude  could  be 
e x p e c t e d   i n   a b o u t  40 y e a r s   a n d   s u b s t a n t i a l l y  more by t h e   y e a r  2035. 

The major  hydro-power f a c i l i t i e s   w i t h i n   t h e  Great Lakes  system a r e  
l o c a t e d  on the   Niagara   and   S t .   Lawrence   Rivers .  Any r e d u c t i o n   i n   a v a i l a b l e  
water upstream of these p o i n t s  would  be f e l t   f u l l y  by t h e s e   p l a n t s .  A s  
i n d i c a t e d  by Table   8-6,  a r e d u c t i o n   i n  water supply of 5 , 5 0 0   c f s  on t r i g g e r  
(average   2 ,750   c f  s )  u n d e r   S c e n a r i o  7 would r e s u l t  i n  an a n n u a l   l o s s   o f  
$41.4  mill-Lon t o   t h e  power interests. Although i t  i s  n o t  sbwn on  Table  
8-6, $32.0 m i l l i o n  of t h e   l o s s  wou ld   app ly   t o   t he   N iaga ra  River and  $9.4 
m i l l i o n  a t  the   S t .   Lawrence   River .   Us ing   th i s   ana logy ,  a r e d u c t i o n   i n  
water supply  due  to   consumptive  uses  MLP c o u l d   r e s u l t  i n  a n n u a l   l o s s e s   t o  
power of an e s t i m a t e d   $ 1 4 5   m i l l i o n   i n   4 0   y e a r s  and $ 2 0 5   m i l l i o n  by t h e   y e a r  
203 5. 
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Comparison of t h e  minimum l e v e l s   ( T ' a b l e s  8-3 and 8-15), as an 
i n d i c a t o r  of the  impact  on n a v i g a t i o n ,  shows that t h e   l e v e l s  of a l l  l a k e s  
(except   Lake  Superior)   would be lowered m r e  by pro jec ted   consumpt ive   uses  
than by t h e  maximum-effect  diversion  scenario.   This would i n d i c a t e  that 
t h e   l o s s e s   t o   n a v i g a t i o n  will be   cor respondingly   g rea te r .  From t h e   d a t a  
a v a i l a b l e  i t  can be concluded  that   navig;at ion  losses   due  to   the  consumptive 
u s e s  MLP wou ld   be   g rea t e r   t han   t he  $13.ZI m i l l i o n  shown f o r   t h e  
maximum-effect   d ivers ion  scenario.  

In summary, the  consumptive  uses MLP would r e s u l t   i n   b e n e f i t s   t o  
c o a s t a l   z o n e   i n t e r e s t s ,   b u t   l o s s e s   t o  power  and  navigation.  These losses 
would f a r   exceed   t hose  shown f o r   t h e  maximum-effect d i v e r s i o n   s c e n a r i o .  
However, i t  should  be r ea l i zed   t ha t   t he t ; e   economic   l o s ses   t o   t he   nav iga t ion  
and power i n t e r e s t s  on t h e  Great Lakes  would  be  tempered i n   v a r i o u s   d e g r e e s  
by t h e   b e n e f i t s   d e r i v e d  by t h e  consumpt::ve u s e r s  of t h e  water. Water h a s  
an  economic  value. The consumptive  uses:   examined  in   this   s tudy  represent  a 
loss of water t o   t h e  Great Lakes  system and hence a r e d i s t r i b u t i o n  of i t s  
i n h e r e n t   b e n e f i t s   f r o m  Great Lakes  user interests t o  consumer i n t e r e s t s .  
However ,   determinat ion of the   economic   Blue  of t h e  water t o   r m n i c i p a l ,  
rura l -domest ic ,   manufac tur ing ,   min ing ,   rura l - s tock ,  and i r r i g a t i o n   s e c t o r s  
would  be an extremely  complex  undertaking and  beyond t h e   r e s o u r c e s  
a v a i l a b l e   t o   t h e  Board. 

8.7 Summary 

The Board developed 4 3  d i v e r s i o n  mimagement s c e n a r i o s   t o   a d d r e s s   t h e  
i s s u e s   r a i s e d  by the  Reference  f rom  the  governments  and i n c l u d e d   i n   t h e  I J C  
D i rec t ive   t o   t he   Boa rd ,   and   hydro1og ica :L ly   eva lua ted   i n   de t a i l   t he   impac t s  
on Great Lakes   l eve l s  and f l a w s   f o r  1 3  o f   t h e s e   s c e n a r i o s .  In a d d i t i o n   t o  
t h e   h y d r o l o g i c   e v a l u a t i o n ,   t h e  Board e w l u a t e d  10 scena r ios   economica l ly  
and  one  environmentally.  

The   hydro log ic   eva lua t ion  shows t h a t  i t  i s  poss ib l e ,   t h rough  
m o d i f i c a t i o n  of t h e   d i v e r s i o n  rates, to a f f e c t   t h e   e x t r e m e   l e v e l s  of t h e  
Great  Lakes.  However, t h e   a n a l y s i s  a h 3  shows t h a t  a r e s i d u a l  e f fec t  would 
be f e l t  on l a k e   l e v e l s   a f t e r  a p a r t i c u l a r   d i v e r s i o n   h a s   b e e n   r e t u r n e d   t o  
i t s  pre-modif icat ion rate. Due t o  l a g  w i t h i n   t h e  Great Lakes   sys tem  the  
r e s i d u a l   e f f e c t   t r a n s c e n d s   t h e   h i g h   l a k e   l e v e l   p e r i o d   a n d   i n  some cases 
impacts  on the   ex t reme low l e v e l   c o n d i t i o n s .  

A comparison of t he   bas i s -o f - compar i son   cond i t ions   u sed   i n   t h i s   s tudy  
wi th   t he   ac tua l   l ong- t e rm Long  Lac/Ogoki  and the  Welland  Canal   Diversions 
i n d i c a t e   t h a t   t h e s e   d i v e r s i o n s  are greater than  the  basis-of-comparison 
rates. The n e t   e f f e c t s  of t h e s e   i n c r e a s e s  on the  regime of l e v e l s  was 
small, wi th in  a few hundredths  of a f o o t ,   w i t h   t h e   e x c e p t i o n  of Lake Erie 
which was lowered  about  0.10 f o o t .  

The economic  evaluat ions  provided by t h e   I n t e r n a t i o n a l   L a k e  Erie 
Regula t ion   S tudy  Board show: (a) t h a t   t h e   m x i m u m - e f f e c t   d i v e r s i o n  
s c e n a r i o  would r e s u l t   i n  an o v e r a l l  l o s s  t o   u s e r s  of the   sys tem.   In  
g e n e r a l ,   b e n e f i t s  of as much as $ 6  mil l . ion   would   accrue   to   coas ta l   zone  



interests w i t h   l o s s e s   t o   t h e   n a v i g a t i o n   a n d  power interests of a s  much as 
$ 1 4   m i l l i o n   a n d   $ 6 1   m i l l i o n   r e s p e c t i v e l y ;   ( b )   t h a t   t h e   a c t u a l   i n c r e a s e  i n  
d i v e r s i o n  rates f o r  Long Lac/Ogoki  and  Welland Canal ove r   t he   adop ted  
basis-of-comparison rates i n d i c a t e s   t h a t   t h e   i n c r e a s e d   i n f l o w   f r o m  Long 
Lac/Ogoki  would result i n   l o s s e s  to t h e   c o a s t a l   z o n e  interests of $0.7 
mi l l i on   w i th in   t he   sys t em,   bu t   wou ld   p roduce   bene f i t s   t o   nav iga t ion   and  
power i n t e r e s t s  of $1.8 and  $10.2 m i l l i o n ,   r e s p e c t i v e l y .   I n c r e a s i n g   t h e  
Welland  Canal  flow  would prov-Lde l o s s e s   t o   n a v i g a t i o n   o f  $2.0 m i l l i o n ,   b u t  
b e n e f i t s   t o   t h e   c o a s t a l   z o n e   a n d  pwer interests of $1.0  and $1 .5  mil1i.on 
r e s p e c t i v e l y ;   i n   c o m b i n a t i o n ,   t h e  two e f fec ts  produce an o v e r a l l   b e n e f i t  i n  
t h e   o r d e r  of $12   mi l l i on .  

Implementat ion of t he   mx imum-ef fec t   d ive r s ion   s cena r io   shou ld   no t  
p r o d u c e   s i g n i f i c a n t   e n v i r o n m e n t a l   o r   s o c i a l   e f f e c t s .   O v e r a l l ,  
e n v i r o n m e n t a l   e f f e c t s  on t h e  Great Lakes   sys t em  wou ld   be   s imi l a r   t o   t hose  
expe r i enced  as a r e s u l t  of e x i s t i n g  water l e v e l   f l u c t u a t i o n s .  However, 
m i n o r   d e t r i m e n t s   a n d / o r   b e n e f i t s   c o u l d   b e   e x p e c t e d  i n  some l o c a l i z e d  areas 
on t h e  Great Lakes as a r e s u l t  of l ong- t e rm  l ake   l eve l   r educ t ions .  

The e v a l u a t i o n  of t h e   p r o j e c t e d   c o n s u m p t i v e   u s e s   i n d i c a t e s   t h a t  the  
impacts   would   exceed   those   de te rmined   under   the   d ivers ion   scenar ios  
e v a l u a t e d .  The t r i g g e r i n g  mechanism  employed i n  t h i s   s t u d y  would  become 
less e f f e c t i v e   i n  time, due  to   reduced water s u p p l i e s .  In a d d i t i o n ,  
consumptive  uses  impacts  would  exceed  those of t h e   c u r r e n t   d i v e r s i o n  rates. 
In  v i e w  of the  magni tude of p ro jec t ed   fu tu re   consumpt ive   u ses ,   t he  p l a n  
u sed   fo r  the r egu la t ion   o f   Lake   On ta r io  (1958-D), o r   t h e  I J C  c r i t e r i a  
gove rn ing  it ,  will need m j o r   r e v i s i o n  by t h e   t u r n  of t h e   c e n t u r y .  
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SECTICN 9 

FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 

9.1 General  

T h i s   s e c t i o n   s u m m r i z e s   t h e   f i n d i n g s ,   c o n c l u s i o n s  and recommendations 
reached by t h e   I n t e r n a t i o n a l  Great Lakes  Diversions  and  Consumptive Uses 
Study  Board. The  Board was cha rged   t o   examine   t he   e f f ec t s  of e x i s t i n g  and 
proposed new d i v e r s i o n s   w i t h i n ,   i n t o  and  out  of t h e  Great Lakes  basin  and 
t h e   e f f e c t s  of e x i s t i n g  and t h e   r e a s o n a b l y   f o r e s e e a b l e   p a t t e r n  of 
consumptive  uses o n  Great Lakes   l eve ls   and   ou t f lows .  I n  p a r t i c u l a r ,  the 
Commission  requested  the  Board to assess t h e   e f f e c t s  of v a r y i n g   t h e  rates 
of e x i s t i n g   d i v e r s i o n s   d u r i n g   p e r i o d s  of extrenr l e v e l s  on t h e  Great Lakes. 

Var ious   d ive r s ion  management s c e n a r i o s  were d e v e l o p e d   w i t h i n   t h e  
p r e s e n t   p h y s i c a l   c a p a c i t i e s  of the   ex is t ing   works   and   eva lua ted  
hydrological ly ,   economical ly   and  envlronmental ly .   Also,   consumptive  uses  
f o r   1 9 7 5  were determined and p r o j e c t e d   t o   t h e   y e a r  2035. The impact of t h e  
p r o j e c t i o n s  was e v a l u a t e d   h y d r o l o g i c a l l y   a n d  a q u a l i t a t i v e   e c o n o m i c  
a s ses smen t  of t h e   p r o j e c t i o n s  was made. The Board ' s   f i nd ings ,   conc lus ions ,  
and  recommendations are descr ibed  below.  

9 .2   Findings 

a. THE EXISTING  DIVERSIONS HAVE PRODUCED CHANGES I N  GREAT LAKES 
LEVELS AND OUTFLOWS. 

T h e   t h e o r e t i c a l   e f f e c t s  of t h e  mjc,r  d i v e r s i o n s  of water w i t h i n   t h e  
Great Lakes  basin are shown on Table  9-1.. This t a b l e  shows t h a t ,   b a s e d  
upon  the   approximate   ex is t ing  rates of t h e s e   d i v e r s i o n s ,   e a c h   d i v e r s i o n   h a s  
had a n  e f f e c t   o v e r  the t o t a l  range of l e v e l s  on each o f  the Great Lakes. 

The d i v e r s i o n s   h a v e  had  an  impact on the  long-term mean out f low  f rom 
e a c h  of t h e   l a k e s ,   i n c r e a s i n g   L a k e   S u p e r i o r   o u t f l o w s  by 5,600 c f s  and t h a t  
of  Lakes  Michigan-Huron, Erie and   Ontar io  by about   2 ,400 Cfs .  Lakes 
Michigan-Huron  and Erie ou t f lows  are  d i r e c t l y   r e l a t e d   t o   t h e i r   l e v e l s .  The 
impacts  of t h e   e x i s t i n g   d i v e r s i o n s  on t h e   a c t u a l   l e v e l s   o f   L a k e s   S u p e r i o r  
and   Ontar io  are n o t   r e a d i l y   d i s c e r n i b l e ,   d u e   t o   t h e   l i m i t a t i o n s  
i n c o r p o r a t e d  by r e g u l a t i o n .  

b.  DIVERSION  RATES COULD BE MODIFIIED WITHOUT STRUCTURAL CHANGE AT 
EXISTING DIVEKSION LOCATIONS. 

Examination of t h e   i n - p l a c e   s t r u c t l l r e s   a n d  capacit ies i n d i c a t e s   t h a t  
i t  i s  p h y s i c a l l y   p o s s i b l e   t o   r e d u c e   t h e  Long Lac/Ogoki   Divers ions   in to  the 
Great Lakes  system from t h e   p r e s e n t   r a t e  of approximately 5,600 cfs t o  
z e r o ;   t o   v a r y   t h e  Lake Michigan  Diversion a t  Chicago  out of the system  from 
t h e   c u r r e n t  rate of about  3,200 c f s   t o   a p p r o x i m a t e l y   1 2 , 0 0 0   c f s   f o r   s h o r t  

9- I 



Table 9-1 
THEORETICAZ, EFFECT OF EXISTING D I V E R S I O N  RATES O N  

(IN FEET) 
GREAT LAKES WATER LEVELS 

RATE SUPERIOR MICHIGIN-HURON E R I E  ONTARIO* 
DIVERSION (CFS) MEAN MAX M I N  RANGE MEAN MAX M I N  RANGE MEAN MAX M I N  RANGE MEAN MAX M I N  RANGE 

Long Lac/ 
Ogoki 5,600 +.21 +.12 +.85  -.73  +.37 +.36 +.43  -.07 +.25 +.26  +.28 -.02 +.22 +1.26 +1.47 -.21 

Lake Mich. 
a t  
Chicago 3,200 -.07 0 -.06  +.06 -.21 -.20 -.24  +.04 -e14 -.15  -.15 0 -a10  "1.82 -.48 -1.34 

Welland 
Canal  9,400  -e06 0 " 0 6  +.06 " 1 8  -.18 -.18 0 -.44 -.42  -.48 +.06 0 "07  +.01 -.08 

5,600 
Combined 3,200 +.07 +. 11 +. 73 -. 6 2  -.02 -.06  +.04 -.lo -.33 -.32 " 3 6  +.04  +.08  +.64  +.59 +.05 

\o 9,400 
tQ 

I 

The a b o v e   t a b l e   r e f l e c t s   t h e   t h e o r e t i c a l   i m p a c t s  of t h e   e x i s t i n g   d i v e r s i o n  rates by r e d u c i n g   t h e   c u r r e n t  rates t o  
z e r o ,   s i n g u l a r l y  and in combination. It s h o u l d   b e   n o t e d   t h a t   t h e   r e g u l a t i o n   p l a n s   i n   o p e r a t i o n   o n   L a k e s   S u p e r i o r  
and  Ontario  have been des igned   t o  accommodate t h e s e   d i v e r s i o n s   a n d   s a t i s f y   t h e   I n t e r n a t i o n a l   J o i n t   C o m m i s s i o n ' s  
c r i t e r i a  f o r   t h e   r e g u l a t i o n  of those l a k e s .   I f   t h e s e   d i v e r s i o n s  had n o t   b e e n   p r e s e n t ,   t h e   r e g u l a t i o n   p l a n s  m d d  
be d i f f e ren t   p roduc ing   t he   approx ima te  saw regime of levels. 

*Lake  Ontario  levels  computed  under  Plan 1958-D w i t h o u t   a p p l i c a t i o n   o f   I n t e r n a t i o n a l   S t .   L a w r e n c e  R i v e r  Board o f  
C o n t r o l   d i s c r e t i o n a r y   d e v i a t i o n s .  

Notes :  

1. Under Max,  Min and Mean, minus s i g n i f i e s   t h a t   t h e   d i v e r s i o n   i m p a c t   h a s   b e e n   t o  lower t h e   l a k e  i n  q u e s t i o n ,  
p l u s   s i g n i f i e s   t h e  reverse. 

2. Under   Range ,   minus   s ign i f ies   tha t   the   range   has  been r e d u c e d ,   p l u s   s i g n i f i e s   t h e   r e v e r s e .  

3. The Study  Board has e v a l u a t e d  a rate of  9,400 c f s   f o r   t h e   W e l l a n d   C a n a l ,  a rate w h i c h   c o u l d   o c c u r   i n   t h e  
n e a r   f u t u r e   d u e   t o   i n c r e a s i n g  wssel t r a f f i c ,   a l t h o u g h   t h e   c u r r e n t   d i v e r s i o n  ra te  ( 1 9 8 0 )  i s  9 ,200  c f s .  
The e v a l u a t i o n  of a 9,200 c f s  rate wou ld   g ive   r e su l t s  similar i n   m a g n i t u d e   t o   t h o s e   f i g u r e s   p r e s e n t e d  
above. 



p e r i o d s  of time o r  down to   ze ro ;   and   t o  vary the  outflow  from  Lake Erie 
through  the  Welland  Canal   f rom  the  present  rate of   9 ,200   c fs  up t o  11,000 
c f s  f o r  short p e r i o d s  of time o r  down t o   z e r o .  However, i n   t h e  case of t h e  
Lake  Michigan  Diversion a t  Chicago ,   downst ream  cons t ra in ts ,   dur ing   cer ta in  
p e r i o d s  of the   year ,   would   no t  permit t h e  12,000  cf s mximum, l i m i t i n g   t h e  
poss ib l e   ave rage   annua l   f l ow rate t o   a p ; ~ r o x i m a t e l y   8 , 7 0 0  c f s .  Likewise,  on 
the   Wel l and   Cana l ,   t he   11 ,000   c f s  m x i m l l m  flaw rate  poses  problems  to 
navigation  and  causes  canal  bank  damage. A more p r a c t i c a l  limit, on a 
maximum average  annual  basis, would  be  In t h e   o r d e r  of 9 ,400  cfs .   These 
a l t e r a t i o n s  i n  f low  could  be accompl ished   wi thout   phys ica l   changes   to   the  
e x i s t i n g   s t r u c t u r e s   o r   w i t h o u t   a d d i t i o n a l   c o n s t r u c t i o n  and  would, i f  
implemented, a l t e r  t h e   n e t  water s u p p l i e s   t o   t h e  Great Lakes. 

C. BY MANAGEMENT OF THE DIVERSIONlS IT I S  POSSIBLE TO IMPACT ON THE 
GREAT LAKES OUTFLOWS AND EXTRR4E H I Q I  LAKE LEVELS, BUT SUCH 
MANAGEMENT WOULD RESULT I N  A NI3T ECONOMIC LOSS AND SOME 
UNQUANTIFIABLE ENVIRONMENTAL IIIPACTS. 

R e d u c t i o n   i n  Great Lakes water suppl ies   dur ing   per iods   o f   h igh   lake  
l eve l s ,   wh ich   cou ld  be achieved  by a l t e r i n g   d i v e r s i o n  rates, would  produce 
a genera l   lower ing  of t h e  mximum leve l s   bu t ,  a t  t h e  same time, t h e r e  would 
be a small lower ing  of t h e  minimum leve l s   and  a ne t   r educ t ion  i n  t he   r ange  
o f   l e v e l s .  In t h e  case of t h e  maximum-l?ffect d i v e r s i o n   s c e n a r i o ,   t h e  
r e s u l t a n t   r e g i m e  of levels would g e n e r a I e ,  on an   average   annual   bas i s ,  some 
e c o n o m i c   b e n e f i t s   t o   c o a s t a l   z o n e   i n t e r e s t s ,   ( $ 6 . 0   m i l l i o n )   a n d  
r e c r e a t i o n a l   b e a c h   u s e r s   ( $ 1 . 8   m i l l i o n ) .  However, i t  would cause  economic 
l o s s e s   t o   n a v i g a t i o n   ( $ 1 3 . 8   m i l l i o n ) ,  p3wer  ($61.3 m i l l i o n )   a n d  
r e c r e a t i o n a l   b o a t i n g   i n t e r e s t s   ( $ 1 . 6   m i l l i o n ) .  Thus,   the  net   economic l o s s  
would  be i n   t h e   o r d e r  of $ 6 9   m i l l i o n  on a n   a v e r a g e   a n n u a l   b a s i s ,   t h e  
predominant   impact   being  fe l t   in  power generat ion.  

A review of t h e   p u b l i s h e d   l i t e r a t u r e   p e r t a i n i n g   t o   t h e  Great Lakes 
n a t u r a l  resources ( f i s h e r i e s  and w e t l a n d s ,  i n   p a r t i c u l a r )   i n d i c a t e s   t h a t  
t h e   e c o l o g i c a l   e f f e c t s  of t h e  maximum-effect   d ivers ion  scenario are n o t  
d e f i n a b l e   i n  a q u a n t i t a t i v e   s e n s e   u s i n g   e x i s t i n g  data. A l t b u g h  any 
ecological   changes  which may r e s u l t   a r e   l i k e l y   t o  be a d v e r s e ,   t h e r e  i s  n o  
conc lus ive   ev idence   t ha t   t hese   changes  would  be s i g n i f i c a n t   i n   m a g n i t u d e .  
However, t h e   e f f e c t s  may be s u b t l e   a n d   i n d i r e c t   a n d  may b e   a d d i t i v e   o r  
s y n e r g i s t i c   t o   o t h e r  stress f a c t o r s  which t h e  sys tem's r e s o u r c e s  are 
a l r eady   expe r i enc ing .  

d. ANY ALTERATIONS I N  DIVERSION RATES TO RAISE THE EXTREME LOW LAKE 
LEVELS AND OUTFLOWS WOULD BE INFEASIBLE. 

It i s  not   poss ib le   to   increase   the   in f low  f rom  the   Albany  River   bas in  
t h r o u g h   t h e  Long  Lac /Ogoki   Divers ions ,   wi th   ex is t ing   s t ruc tures ,   dur ing  
p e r i o d s  of low water on t h e  Great Lakes. The m t e o r o l o g i c a l   c o n d i t i o n s   i n  
t h e   d i v e r s i o n  area are similar to   t hose  i n  the   Lake   Super ior   bas in ;   hence ,  
du r ing   pe r iods  of d r o u g h t   t h e r e  i s  l i t t l e  o p p o r t u n i t y   t o   b r i n g   a d d i t i o n a l  
water f r o m   t h a t   s o u r c e   i n t o   t h e  Great Lakes  system. 
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Reduction of the   Lake   Xichigan   Divers ion  a t  Chicago i s  considered 
i m p r a c t i c a l .  Of t h e   t o t a l   p r e s e n t   d i v e r s i o n   a u t h o r i z e d  by t h e  U.S. Supreme 
Cour t ,   approximate ly   60   percent  i s  f o r  water s u p p l y   t o   t h e   M e t r o p o l i t a n  
Chicago area. The rema inde r   cons i s t s  of s t o r m  water runoff  from  the 
d i v e r t e d   b a s i n ,   o r  water used   fo r   nav iga t ion   and  water qual i ty   improvement  
purposes   in   the   Chicago   Sani ta ry   and   Ship   Canal   and   Calumet-Sag   Channel .  

In o rde r   t o   u se   t he   Wel l and   Cana l   t o  raise low levels   on  Lake Erie ,  
t h e   d i v e r s i o n  would  have t o  be decreased.  To do t h i s ,  a r e d u c t i o n   i n ,   o r  
e l i m i n a t i o n   o f ,  a component of the  f low  used by Ontar io  Hydro f o r  power 
g e n e r a t i o n  a t  t h e  DeCew F a l l s   p l a n t s  would  be  necessary. However, t h e  
r e s u l t i n g   e c o n o m i c   l o s s   t o  power  would  outweigh the b e n e f i t s   a c c r u i n g   t o  
n a v i g a t i o n   a n d   r e c r e a t i o n a l   i n t e r e s t s .   T o t a l   c l o s u r e  of t h e   c a n a l   t o  
achieve  a z e r o   d i v e r s i o n  rate would s e v e r   t h e  Great Lakes  navigat ion  system 
between  Lakes Erie and O n t a r i o ,  and t h e r e f o r e  i s  n o t  a p r a c t i c a l   c o n c e p t .  

C l o s u r e  of t h e  New York S ta t e   Ba rge   Cana l   t o   ach ieve  a z e r o   d i v e r s i o n  
rate would  have no e f f e c t   o n  Great Lakes water l e v e l s ,   f o r   r e a s o n s   s t a t e d  
i n  Finding "e". 

e. THE EXISTING  DIVERSION OF WATER THROUGH THE NEW YORK STATE B A E E  
CANAL HAS NO MATERIAL IMPACT ON GREAT LAKES LEVELS, NOR WOULD ANY 
MODIFICATIONS  THEREOF. 

The New York Sta te   Barge   Canal   has  a ve ry   l imi t ed   capac i ty  and  draws 
i t s  water from t h e   N i a g a r a   R i v e r  a t  Tonawanda, New York.  Tonawanda i s  
located  downstream of t h e   n a t u r a l   h y d r a u l i c   c o n t r o l   s e c t i o n  of t h e   N i a g a r a  
River.  Hence,  any water wi thd rawn   be low  the   hydrau l i c   con t ro l   s ec t ion  has 
n o   e f f e c t  on Lake Erie o r   t h e   l a k e s   u p s t r e a m .   N e i t h e r  i s  t h e r e  any  impact 
downstream,  s ince  the water is r e t u r n e d   t o   L a k e   O n t a r i o   t h r o u g h   v a r i o u s  
t r i b u t a r i e s   t o   t h a t   l a k e .   T h e r e  is  however,  an  impact on power; i .e. , a 
reduct ion  of water a v a i l a b l e   f o r  power genera t ion  on t h e   N i a g a r a  R i v e r .  
T h e   I n t e r n a t i o n a l   J o i n t  Comndssion  has  not  exercised  control  over  f lows  in 
the c a n a l .  The Board has   not  a t tempted t o  i n t e r p r e t  the Commiss ion ' s  
a u t h o r i t y   t o  exercise such   con t ro l .  However, the  amounts  of water d i v e r t e d  
are r e p o r t e d   t o   t h e  two governments by t h e   I n t e r n a t i o n a l   N i a g a r a  Committee. 

f .  DIVERSION OF WATER INTO LAKE SUPERIOR FROM LONG LAC/OGOKI HAS 
AVERAGED 5,600 CFS  SINCE ITS INCEPTION. 

By an exchange of no tes   in   1940  be tween  the   Governments  of  Canada  and 
t h e   U n i t e d  States, which is  a l s o   r e f e r r e d   t o   i n   t h e   N i a g a r a   T r e a t y  of 1950, 
Ontar io   Hydro was author ized   to   wi thdraw  f rom  the   Niagara   River   o r   Wel land  
Canal 5,000 c f s  of t h e  water diver ted  f rom  the  Albany River bas in   th rough 
t h e  Long  Lac/Ogoki  Diversions. The f i g u r e  of 5 ,000 c fs  was a n  estimate of 
the   average   f low  tha t   would  be d i v e r t e d  a t  bo th   l oca t ions .  However, t h e  
a c t u a l   d i v e r s i o n s   s i n c e   i n c e p t i o n   h a v e   a v e r a g e d   5 , 6 0 0   c f s .  

The overall e f f e c t  of t h e   5 , 6 0 0   c f s  Long Lac/Ogoki  Diversions i s  t o  
raise t h e  mean l e v e l  of  Lake  Superior   by 0.21 foot,  Lakes  Michigan-Huron by 
0.37 foo t ,   Lake  Erie by 0 .25   foo t ,   and   Lake   Ontar io  by 0.22 f o o t .  The 
e f f e c t  of t he   d i f f e rence   be tween   t he   5 ,000  cfs r e f e r r e d   t o  i n  t he   no te s   and  
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t r e a t y  and t h e  5,600 c f s ,  i s  t o   r a i s e  the  mean l e v e l  of Lakes   Super ior ,  
Erie and  Ontar io  by 0.02 foot  and  Lakes  Michigan-Huron by  0.04 foot .   These 
f i g u r e s  are inc luded   i n   t he   above   no ted   ove ra l l   e f f ec t s .  The i n c r e a s e d  
water   supply of 600 cfs   has   resu l ted   in   an   average   annual   ne t   economic  
b e n e f i t   t o   t h e   s y s t e m  of approximately $1 1.3 m i l l i o n .   T h i s  i s  based upon 
a v e r a g e   a n n u a l   l o s s e s   t o   c o a s t a l  zone i l terests  of approximately $700,000 
and   ave rage   annua l   bene f i t s   t o   nav iga t ion   and  power g e n e r a t i o n   i n t e r e s t s  of 
approximate ly  $1.8 mil l ion   and  $10.2 m i l l i o n ,   r e s p e c t i v e l y .   T h e r e  is no 
i n t e r n a t i o n a l   c o n t r o l   e x e r c i s e d   u n d e r  t ' le Boundary Waters T r e a t y   o v e r   t h e s e  
d i v e r s i o n s .  However, the  amounts of w a t e r   d i v e r t e d  are r e p o r t e d   t o   t h e  
I n t e r n a t i o n a l   J o i n t  Commission by the   In t e rna t iona l   Lake   Supe r io r   Boa rd  of 
Control .  

g. THE WELLAND CANAL DIVERSION HAS VARIED OVER TIME AND AVERAm D 
APPROXIMATELY 9,200 CFS IN 1980. 

Water has been  diverted  from  Lake Zrie to   ope ra t e   t he   Wel l and   Cana l  
between Lakes Erie and   On ta r io   s ince  1829. S t e a d i l y   i n c r e a s i n g ,   v e s s e l  
t r a f f i c   o v e r   t h e   y e a r s  has r e s u l t e d   i n  , r t  g r a d u a l  increase i n   t h e  water 
requi red   for   lockage   purposes .  The c a n a l  was adap ted   fo r  power purposes i n  
1887. S i n c e   t h a t  date, modif icat ions  a ld   improvements   have  been made which 
i n c r e a s e d  i ts  c a p a b i l i t y   t o   c o n v e y  wate.r f r o m   t h e   c a n a l   f o r  power. As a 
r e s u l t  of i n c r e a s e d  water demand €or   bo th  power  and naviga t ion ,   the   Wel land  
Canal d i v e r s i o n   h a s  grown from an annual   average of about  300 c f s   i n   t h e  
1800s t o  mre  than 8,000 cf  s i n   t h e  mld,-195Qs. The average   annual   f low  in  
t h e   c a n a l   f o r   t h e   p e r i o d  1950 t o  1976 W i l S  7,600 c f s .   S ince   t he   i ncep t ion  
o f   t h e   s t u d y  i n  1977, t h e  demand f o r  water h a s   f u r t h e r   i n c r e a s e d  and i s  
c u r r e n t l y  (1980) averaging  on an  annual   basis   about  9,200 cf s (power 6,900 
c f s ;   n a v i g a t i o n  1,300 c f s ;   and  water supp ly   and   d i lu t ion  water 1,000 c f s ) .  
The d ive r s ion   s cena r io   whereby   t he  Wel1,rtnd Canal rate would be i n c r e a s e d  
from  an  annual   average of 7,000 c f s  to  9,000 cf  s t h u s   h a s  become a r e a l i t y  
d u r i n g  the course  of t h i s   s t u d y .   T h e r e  are i n d i c a t i o n s   t h a t ,   w i t h  
i n c r e a s i n g   v e s s e l   t r a f f i c ,   t h e  demand € ) r  water i n  t h e   c a n a l   c o u l d  rise 
s l i g h t l y   t o  an annual   average   o f  9,400 -,€s i n   t h e   n e a r   f u t u r e .  The 
I n t e r n a t i o n a l   J o i n t  Commission h a s   n o t   e x e r c i s e d   c o n t r o l   o v e r   f l o w s   i n   t h e  
c a n a l .  The   Board   has   no t   a t tempted   to   in te rpre t   the   Commiss ion ' s   au thor i ty  
t o   e x e r c i s e   s u c h   c o n t r o l .  However, the  amounts of water d i v e r t e d  are 
r e p o r t e d   t o   t h e  two governments by the   In t e rna t iona l   N iaga ra   Commi t t ee .  

he THE LAKE MICHIGAN DIVERSION AT CHICAGO HAS VARIED OVER TIME AND 
SINCE 1970 HAS AVERAGED 3,200 1CFS. 

Water has been diverted  from  Lake  Michigan a t  Ch icago   s ince  1848. 
Usage  of water has   va r i ed   ove r   t he   yea r , ;   and  was a t  i t s  maximum annual  ra te  
i n  1928, when the   ave rage   d i scha rge  was 10,000 c f s .  However, s i n c e  1925 
the   f low  out   of   Lake  Michigan  through t ' le Sani tary  and  Ship  Canal   has   been 
c o n t r o l l e d  by U.S. Supreme Cour t   dec i s ions .  The la tes t  d e c r e e   i s s u e d   i n  
1967 and amended i n  1980 l i m i t e d   t h e   d i v e r s i o n ,   i n c l u d i n g   d o m e s t i c  pumpage, 
t o  3,200 c f s ,   ave raged   ove r  a 4 0 y e a r   p e r i o d .   I n   a d d i t i o n ,   t h e  amendment 
s t a t e d   t h i s   d i v e r s i o n  i s  n o t   t o   e x c e e d  115 percent  of t h e  3,200 c f s   v a l u e  
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i n  any   one   account ing   year .   There  i s  no i n t e r n a t i o n a l   c o n t r o l   e x e r c i s e d  
under  the  Boundary Waters T r e a t y   o v e r   t h i s   d i v e r s i o n .  

i. THERE ARE NO KNOWN SIGNIFICANT NEW OR CHANGED DIVERSIONS  PROPOSED 
FOR THE GREAT LAKES. 

The   Board ' s   i nves t iga t ion   d id   no t   r evea l  any f e d e r a l ,  s t a t e  o r  
provinc ia l   sponsored   or   approved   proposed  new o r   changed   d ive r s ions   w i th in ,  
i n t o   o r   o u t  of the   bas in   which   have ,   o r   my  have ,  material e f f e c t s  on b t e r  
l e v e l s  and  flows of the   bas in .  

j. CONSUMPTIVE  USES OF WATER ARE PROJECTED TO INCREASE FROM THE 1975 
RATE OF 4,900 CFS TO AN AMOUNT WHICH COULD RANGE FROM 
APPROXIMATELY 16 ,000  CFS TO 37,000 CFS BY THE YEAR 2035. 

Seven water u s e   s e c t o r s  were adddresed   in   the   consumpt ive   uses  
p r o j e c t i o n s :   m u n i c t p a l ,   r u r a l   d o m e s t i c ,   m a n u f a c t u r i n g ,   m i n i n g ,   s t o c k  
w a t e r i n g ,   i r r i g a t i o n  and  thermal  power g e n e r a t i o n .  Over t h e   6 0 y e a r  
p r o j e c t i o n   p e r i o d ,   7 8   t o   9 1   p e r c e n t  of all t he   p ro j ec t ed   consumpt ive   u ses  
of water are a t t r i b u t e d   t o   t h r e e  of the   seven  water u s e   s e c t o r s  - 
munic ipa l ,   manufac tu r ing  and thermal  power g e n e r a t i o n  - a l t h o u g h   t h e  
r e l a t i v e   s i g n i f i c a n c e  of each of t h e s e   m a j o r   s e c t o r s  w i l l  change with time. 
Whi l e   va ry ing   cons ide rab ly  among water u s e   s e c t o r s  and areas w i t h i n   t h e  
Great Lakes , basin  wide  consumptive water uses  are expec ted   to   remain  a 
r e l a t i v e l y   c o n s t a n t   6 . 5   p e r c e n t  of water wi thd rawa l s   ove r   t he  time pe r iod .  

The w l i d i t y  of consumpt ive   uses   p ro jec t ions  relates d i r e c t l y   t o   t h e  
assumptions upon which  they are based.  Varying  these  assumptions  produces 
high  and low estimates of f u t u r e   u s e .  The m s t  l i k e l y   p r o j e c t i o n  (MLP) of 
consumptive water u s e   i n c r e a s e s   t o   2 5 , 4 0 0   c f s  by the   year   2035,   f rom  the  
c u r r e n t  rate (1975)   of   4 ,900  cfs .  The h igh  estimate i s  3 6 , 5 0 0   c f s   a n d   t h e  
low estimate i s  1 6 , 3 0 0   c f s  by the y e a r  2035. T h i s  range of approx ima te ly  + 
4 0   p e r c e n t   a b o u t   t h e  m s t  l i k e l y   p r o j e c t i o n   f o r   2 0 3 5   r e f l e c t s   t h e   i n h e r e n t -  
u n c e r t a i n t i e s   i n  the l o n g - r a n g e   f o r e c a s t i n g  o€ the p a r a m e t e r s  upon which 
consumptive  use estimates are based .   Curren t ly ,   approximate ly  88  p e r c e n t  
of t h e   c o n s u m p t i v e   u s e s   o c c u r   i n   t h e   U n i t e d   S t a t e s   a n d   1 2   p e r c e n t   i n  
Canada.   This   proport ion i s  expec ted   t o   change   on ly   s l i gh t ly ,   be ing   82  
pe rcen t  i n  t h e   U n i t e d   S t a t e s   a n d  18 pe rcen t  i n  Canada by t h e   y e a r  2035. 

k .  THE CONSUMPTIVE  USES OF WATER REDUCE THE NET WATER SUPPLY TO THE 
LAKES, THEREBY LOWERING LAKE LEVELS,  RESULTING I N  ECONCEIIC 
BENEFITS TO COASTAL ZONE INTERESTS AND LOSSES TO NAVIGATION AND 
POWER INTERESTS. 

As a result of t h e  m s t  l i k e l y   p r o j e c t i o n  of i n c r e a s e s  i n  consumptive 
u s e   w i t h i n   t h e  Great Lakes   sys tem,   the   average   l eve ls  o f  Lake  Superior  
c o u l d  be lowered  in 6 0  y e a r s  by as much as 0.3 foot;   Lakes  Michigan-Huron 
by 0 .7   foo t ;   Lake  Erie by 0.8 foot ;   and   Lake   Ontar io  by  2.4 f e e t .  The 
lower ing  of l e v e l s  wou ld   p rov ide   economic   bene f i t s   t o   coas t a l   zone   and  
r e c r e a t i o n a l   b e a c h  interests,  w h i l e   c a u s i n g   l a r g e   l o s s e s   t o   n a v i g a t i o n ,  
power, and r e c r e a t i o n a l   b o a t i n g   i n t e r e s t s .  T h e   r e d u c t i o n   i n  water 
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suppl ies ,   due  to   consumptive  uses  i s  r e f l ec t ed   i n   r educed   ave rage   ou t f lows  
from  each of t he   l akes ,   cumula t ive ly   g rea t e r   downs t r eam  th rough   t he   sys t em,  
w i t h   t h e  mximum  impact t he re fo re   occu r r ing   i n   t he   Lake   On ta r io   ou t   f l ows  
through  the  St.   Lawrence  River.  The MLP p r o j e c t i o n  of t o t a l   consumpt ive  
u s e   i n   2 0 3 5   r e p r e s e n t s  an i n c r e a s e  of 20 ,500   c fs   f rom 1975. T h i s   i n c r e a s e  
i s  e q u i v a l e n t  i n  magnitude t o  8.6  percent of the  mean out f low of t h e   S t .  
Lawrence  River. 

Consumptive uses r e p r e s e n t  a l o s s  of water t o   t h e  Great Lakes  system 
and  hence a r e d i s t r i b u t i o n  of i t s  i n h e r e n t   b e n e f i t s   f r o m  Great Lakes  user  
i n t e r e s t s   t o  consumer   in te res t s .  The d e t e r m i n a t i o n  of the  economic  value 
of t h e  water to   t hose   consumer   i n t e re s t s  was considered  to   be beyond t h e  
s c o p e  of t h e   B o a r d ' s   d i r e c t i v e  and a v a i l a b l e   r e s o u r c e s ,   b e c a u s e  i t  would 
e n t a i l  a very  complex  study of t he   va lue  of water i n  i t s  var ious  forms of  
consumptive use. The s i g n i f i c a n c e  of the  Board 's   consumptive  use  s tudy 
r e s u l t s   s h o u l d  be e v a l u a t e d ,  as appropr ia te ,   in   the   deve lopment  of f u t u r e  
Great Lakes water use   po l i c i e s .  

1. CONSUMPTIVE USES I N  THE FUTURE WILL LIMIT THE ABILITY OF THE 
CURRENT OPERATIONAL REGULATION PLAN FOR LAKE ONTARIO TO SATISFY 
THE CRITERIA CONTAINED IN THE COMMISSION'S ORDERS OF APPROVAL. 

The  Orders of A p p r o v a l   f o r   t h e   r e g u l a t i o n  of Lakes   Super ior   and  
On ta r io   con ta in  lake l e v e l  c r i te r ia  which  must be s a t i s f i e d  by t h e  
ope ra t ing   r egu la t ion   p l ans .   Eva lua t ion  of the   impact  of the  consumptive 
uses  MLP ( t o   t h e   y e a r   2 0 3 5 )  on t h e   g o v e r n i n g   l e v e l  c r i t e r i a  f o r  Lake 
S u p e r i o r ,   i n d i c a t e s   t h a t   t h e   p r e s e n t   o p e r a t i n g   r u l e   f o r   t h e   r e g u l a t i o n  of 
that Lake  would no t   have   t o   be   mod i f i ed   i n   o rde r   t o   s a t i s fy   t hese  
cond i t ions   ove r   t he   60 -yea r   eva lua t ion   pe r iod .   Th i s  i s  d u e   t o   t h e   f a c t  
t ha t   t he   p ro j ec t ed   consumpt ive   u ses   i nc rease   ove r   t h i s   pe r iod   amoun t s   t o  
less  than 600 c f s .  However, t h i s  i s  n c t   t h e  case f o r  Lake  Ontario,   which 
w i l l  r ece ive   the   cumula t ive   impact  of a l l  ups t ream  increases   in   consumpt ive  
uses .  The MLP i n d i c a t e s  an inc rease   i r   consumpt ive   u se   w i th in   t he  Great 
Lakes b a s i n  ove r   t he   nex t  6 0  years of approximately  20,500 c f s .  If t h i s  
p ro j ec t ed   i nc rease   does   occu r ,   t he   p re sen t   ope ra t ing   p l an ,   w i th  i t s  f i x e d  
limits, would be   unab le   t o   s a t i s fy   bo th   t he   Lake   On ta r io   l eve l   and   t he  S t .  
Lawrence River flow cr i ter ia  of t h e  0rc.ers of Approval i n   t h e   n o t   t o o  
d i s t a n t   f u t u r e .  A t  t h a t  time, a r e v i s i o n   t o   t h e   o p e r a t i n g   p l a n ,   o r  a 
change   i n   t he   Orde r s  of Approval,  would  be  necessary. 

9.3  Conclusions 

The  Board's  conclusions are as  f01.lows: 

a. The d i v e r s i o n  rates i n t o ,   w i t h i n  and out   of   the   basin  cannot   be 
a l t e r e d   t o   r e d u c e   e x t r e m e   h i g h   l e v e l s  cln t h e  Great Lakes  without   causing  an 
overa l l   long- te rm  ne t   economic  loss; 

b. The d i v e r s i o n   r a t e s   i n t o ,   w i t h i n  and  out of t he   bas in   canno t  
f e a s i b l y  be a l t e r e d   t o   i n c r e a s e   e x t r e m 3   l o w   l e v e l s  on t h e  Great Lakes 
dur ing   pe r iods  of low supply; 



c. P e r i o d i c a l l y ,  a l l  d i v e r s i o n s   ( r e g a r d l e s s  of s i z e )   s h o u l d  be 
monitored and their   accumulated  effects   es t imated,   evaluated  and  reported 
upon so t h a t   a p p r o p r i a t e   p u b l i c   p o l i c i e s  can be developed;  and, 

d.  Consumptive uses should be per iodical ly   monitored and t h e i r  
impacts ,   a long   wi th   var ious   cont ro l   s t ra teg ies ,   s tud ied  so that appropr i a t e  
p u b l i c   p o l i c i e s  can be developed  to minimize long-tern  adverse  effects .  

9.4 Recommendations 

Based upon t h e  above f ind ings  and conclusions  the Board recommnds 
that; 

a. No fu r the r   cons ide ra t ion  be given  to the concept  of  managing Great 
Lakes  levels  and outf lows  through  the  mnipulat ion of t h e   e x i s t i n g  
d ivers ions ;   and ,  

b. The I n t e r n a t i o n a l   J o i n t  Commission, i n  l i g h t  of c o n c l u s i o n s   ( c )  
and  (dl  above, recommend to  Governments t h a t  a mchanism be e s t a b l i s h e d   f o r  
i n s t i t u t i o n a l   c o n s u l t a t i o n  so tha t   moni tor ing  can be undertaken  and 
a p p r o p r i a t e   p u b l i c   p o l i c i e s  can be fo rmula t ed   t o   add res s   t he   po ten t i a l  
fu ture   impacts  of new or   increased   d ivers ions  and  consumptive  uses. 
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ANNEX A 

DEPARTMENT 0:' STATE 

Washington, D. C. 20520 

C 
0 

P 
Y 

February  21, 1977 

Mr. William Bullard 
Secre ta ry ,  U. S .  Sec t ion  
I n t e r n a t i o n a l   J o i n t  Commission 
1 7 1 7  H Street ,  N. W. 
Washington, D. C. 20440 

Dear Mr. Bullard:  

I have  the  honor   to   inform  you  that  Governments of Canada and 
the  United States have  agreed,   pur: ;uant   to   Art ic le  I X  of t h e  
Boundary Waters Treaty of  1909, an11 i n   l i g h t  of the  second 
recommendation  contained i n   t h e   I n t e r n a t i o n a l   J o i n t  Commission's 
Report   ent i t led  "Further   Regulat io .1  of t he  Great Lakes", i n  
response   to   the   October  7, 1964  ReEerence  from  Governments, t o  
r eques t   t he  Commission t o  examine Lnto and r epor t  upon t h e   e f f e c t s  
of e x i s t i n g  and  proposed  divers ion;   within,   in to   or   out  of t h e  
Great Lakes  Basin, and t h e   e f f e c t s  of e x i s t i n g  and reasonably 
f o r e s e e a b l e   p a t t e r n s  of  consumptiv.  uses on Great Lakes water 
l e v e l s  and  flows. 

The Governments are concerned  about  the  increasing demand f o r  water 
t o  meet the  needs of domestic  and  nunicipal  supply and s a n i t a t i o n ,  
naviga t ion ,   indus t ry ,  power g e n e r a t i o n ,   i r r i g a t i o n  and other   such 
uses, which w i l l  have  increasingly  s ignif icant   socio-economic and 
environmental  impac t  on a l l  i n t e r e s t s   i n   t h e  Great Lakes  Basin. 

During  periods of e x t r e m e   l a k e   l e v d s ,   a t t e n t i o n   i n   b o t h   c o u n t r i e s  
has  focused on t h e   n a t u r e  and e f f e z t s  of the   var ious   d ivers ions  
w i t h i n ,   i n t o  and out  of the  Basin. The Governments consider  
f u r t h e r   s t u d y  of these   impor tan t   hydro logica l   fea tures   impor tan t  
i n   t h e   c o n t e x t  of t he  Commission's  ongoing e f f o r t s   t o  promote a 
grea te r   unders tanding  of t he  Great Lakes  system and t o   i n v e s t i -  
g a t e   p o s s i b i l i t i e s  of  enhanced l e v e l s   r e g u l a t i o n   c o n s i s t e n t  
wi th   the   conclus ions  of t he  Commission's  Report. 

I n   l i g h t  of the   foregoing ,  and w i t h  re fe rence   to   the   fo l lowing  
c r i t e r i a :  
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Domestic water supply and s a n i t a t i o n ;  

Navigation; 

Water supp ly   fo r  power genera t ion  and indus t r i a l   pu rposes ;  

Agr icu l ture ;  

Shore  property,   both  publ ic  and p r i v a t e ;  

Flood  control;  

F ish   and   wi ld l i fe ,  and o ther   envi ronmenta l   aspec ts ;  

Pub l i c   r ec rea t ion ;  and 

Such o t h e r   e f f e c t s  and implicat ions  which  the Commission 
may deem appropr i a t e  and r e l evan t ,  

t h e  Commission is reques t ed   t o  examine i n t o  and r epor t  upon t h e  
fol lowing matters which  have,  or may have, material e f f e c t s  on water 
l e v e l s  and f lows  of   the  Basin,   including  the  internat ional   and  Canadian 
reaches  of  the  St.  Lawrence River: 

1. E x i s t i n g  and  reasonably  foreseeable   pat terns  of consumptive 
uses  of Great Lakes waters; 

2. Ex i s t ing   d ive r s ions ,   i nc lud ing   t he  Welland  Canal  and t h e  
New York S t a t e  Barge Canal, and   federa l ,  s ta te  o r   p r o v i n c i a l l y  
sponsored  or  approved  proposed new o r  changed d ive r s ions ,   w i th in ,  
i n t o   o r   o u t  of t he   Bas in ,   and ,   i n   pa r t i cu la r ,  

3. Exis t ing   d ive r s ions  a t  Chicago and a t  Long Lac/Ogoki, 
and  the  proposed  study  and  demonstration  program  authorized by 
Uni ted   S ta tes  P. L. 94-587 a f f e c t i n g   t h e  rate of d ive r s ion  a t  
Chicago. 

The  Commission,  upon t h e   a v a i l a b i l i t y  of adequate  funding,  should 
proceed   wi th   the   above   s tud ies  as expedi t ious ly  as p r a c t i c a b l e ,  
and   r epor t   t o  Governments  by March 1, 1979, and  on an   i n t e r im   bas i s  
i f  deemed appropr ia te .  

In   the  conduct   of  i t s  i n v e s t i g a t i o n  and the   p repa ra t ion  of i t s  
r e p o r t ,   t h e  Commission s h a l l  make use  of information and t echn ica l  
da t a   he re to fo re   ava i l ab le   o r   wh ich  may become a v a i l a b l e   i n   e i t h e r  
count ry   dur ing   the   course  of i t s  inves t iga t ions .   In   add i t ion ,   t he  
Commission s h a l l   s e e k   t h e   a s s i s t a n c e ,  as requi red ,  of s p e c i a l l y  



q u a l i f i e d   p e r s o n n e l   i n  Canada  and the  United  States .  The Governments 
s h a l l  make a v a i l a b l e   o r ,  as necessary,   seek  the  appropriat ion  of   the 
funds   requi red   to   p rovide   the  Corrmission promptly  with  the  resources  
needed to   d i scha rge   t he   ob l iga t ions   unde r   t h i s   Re fe rence   fu l ly   w i th in  
t h e   s p e c i f i e d  t i m e  per iod.  The Commission sha l l   deve lop  as e a r l y  
as p r a c t i c a b l e   c o s t   p r o j e c t i o n s  f o r  the   s tud ies   under   Reference   for  
the  information  of  Governments. 

An i d e n t i c a l  let ter i s  being  forwarded  to  the  Canadian  Section 
of t h e  Commission  by the  Department  of  External  Affairs.  

S incere ly ,  

Richard I). Vine 
Ileputy Ass is tan t   Secre ta ry  
f o r  Canadian  Affairs 
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" 

ANNE:< B Docket 104 

INTERNATIONAL JO::NT COMMISSION 

DIRECTIVE TO THE 

INTERNATIONAL GREAT TAKES D::VERSIONS AND CONSUMPTIVE 

USES STUD!! BOARD 

1. The Governments  of the   Uni ted   S ta tes  and  Canada have  forwarded 
the  a t tached  Reference,   dated  February 21, 1977,  t o   t h e  Commission 
for   examinat ion  and r epor t   pu r suan t   t o  Article I X  of t he  Boundary 
Waters Treaty  of 1909. 

2. The  Commission e s t ab l i shed   t he   In t e rna t iona l  Great Lakes  Diver- 
s i o n s  and Uses Study  Board  on May 3 ,  1977,  to  undertake,   through 
appropriate  governmental  o r  o the r   agenc ie s   i n   t he   Un i t ed  States and 
Canada, t he   necessa ry   i nves t iga t ions  and s t u d i e s  and t o   a d v i s e   t h e  
Commission  on a l l  matters which i t  must consider  i n  making i t s  r e p o r t s  
t o  Governments  under  the  attached  Reference. 

3. The Board sha l l   unde r t ake   an   i nves t iga t ion  of the   fo l lowing  
matters which  have,  or may have, material e f f e c t s  on water l e v e l s  
and  flows i n   t h e  Great Lakes  Basin,   including  the  internat ional  and 
Canadian  reaches of t h e   S t .  Lawrence River : 

( a )   e x i s t i n g  and reasonably   foreseeable   pa t te rns  of consumptive 

(b )   ex i s t ing   d ive r s ions ,   i nc lud ing  Welland Canal and t h e  New 
uses  of Great Lakes waters; 

York State Barge  Canal, and f e d e r a l ,  s t a t e  o r   p r o v i n c i a l l y  
sponsored  or  approved  proposed new o r  changed d ive r s ions ,  
w i t h i n ,   i n t o   o r   o u t  of the   bas in ,  and i n   p a r t i c u l a r ;  

(c) e x i s t i n g   d i v e r s i o n s  a t  Chicago  and a t  Long Lac/Ogoki,  and 
the  proposed  s tudy and demonstration  program  authorized by 
United States P.L. 94-587 a f f e c t i n g   t h e  ra te  of d ive r s ion  
a t  Chicago. 

In   conduc t ing   t h i s   i nves t iga t ion ,   t he  Board s h a l l  examine the  
e f f e c t s  of the  above on: 

(a)  domestic water supply and s a n i t a t i o n ;  

(b)   navigat ion;  

(c )  water supply   for  power $;eneration and i n d u s t r i a l  
purposes ; 



(d) agriculture; 

(e) shore  property,  both  public  and  private; 

(f)  flood  control; 

(8) fish  and  wildlife,  and  other  environmental  aspects; 

(h)  public  recreation;  and 

(i)  such  other  matters  as  the  Commission  may  indicate  to  the 
Board  during  the  course  of  the  study. 

4 .  In  its  studies  the  Board  should  note  the  concerns  of  the  Govern- 
ments  expressed in the  Reference  about  the  increasing  demand  for 
water  to  meet  the  needs  of  domestic  and  municipal  supply  and  sani- 
tation,  navigation,  industry,  power  generation,  irrigation  and  other 
such  uses,  which  will  have  increasingly  significant  socio-economic 
and  environmental  impact  on  all  interest  in  the  Great  Lakes  Basin. 

5. The  Board  should in particular  assess  the  effects  of  varying 
the  rate  of  existing  diversions  during  periods of extreme  levels 
on  the  Great  Lakes. 

6 .  The  Board  shall  prepare  and  submit  for  Commission  approval  by 
July 22, 1977, a  plan of study  for  the  investigations  that  it 
proposes  to  undertake,  and  a  schedule of the  estimated  time  and 
costs  involved  in  the  completion  of  each  of  the  necessary  phases 
of  the  study  and  submission of a  final  report  to  the  Commission.  In 
preparing  its  plan  of  study,  the  Board  should  be  guided  by  the 
following  considerations: 

(a) Provision  should  be  made  for  the  investigation  of 
all  environmental  impacts  of  the  matters  under  inves- 
tigation  a3  described  in  paragraphs 3,  4 and 5 of  this 
directive, 

(b) The  Board  shall  act  as  a  unitary  body,  carrying  out 
its  investigations  jointly  in  both  countries  as  a 
coordinated  and  integrated  effort,  and 

( c )  Provision  should  be  made,  where  appropriate,  for  public 
information  and  participation  throughout  the  course  of 
the  study. 

7. The  Board  shall  carry  out  the  programs in accordance  with  the 
plan  of  study  approved  by  the  Commission.  If  it  appears  to  the 
Board  at  any  time in the  course of its  investigations  and  studies 
that  the  programs  should  be  modified,  it  shall so advise  the 
Commission  and  request  instructions. 
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8. The  Board s h a l l   s u b m i t  i t s  f i n a l   r e p o r t ,  and a p p e n d i c e s ,   i f   a n y ,  
i n   t h e   n e c e s s a r y   q u a n t i t y   f o r   p u h l i c   d i s t r i b u t i o n ,   t o   t h e  
Commission  no later than  September 1, 1978. 

9. In   t he   conduc t   o f  i t s  i n v e s t i g a t i o n   a n d   i n   t h e   p r e p a r a t i o n  
of i t s  r e p o r t   o r   r e p o r t s ,   t h e   B o a r d   s h o u l d  make use of  informa- 
t i o n  and t e c h n i c a l   d a t a   h e r e t o f o r e   a v a i l a b l e ,   o r   w h i c h  may be- 
come a v a i l a b l e   d u r i n g   t h e   c o u r s e  of t h e   i n v e s t i g a t i o n .  The  Board's 
a t t e n t i o n  is s p e c i f i c a l l y  drawn t o  t h e   F i n a l   R e p o r t  of t h e   I n t e r -  
n a t i o n a l  Great Lakes Levels Board,  and  the  Report  of t h e   I n t e r n a -  
t i o n a l   J o i n t  Commiss ion   on   Fur ther   Regula t ion   of   the  Great Lakes. 

10. The  Board w i l l  c o n s i s t  of a TJnited States Sec t ion   and  a 
Canad ian   Sec t ion ,   each   hav ing   f i ve  (5) members.  The  Commission 
w i l l  appoin t   one  member o f   each   Sec t ion   t o   be   Cha i rman  of t h a t  
S e c t i o n .  A t  t he   r eques t   o f   any  member, t h e  Commission may approve 
i n   e a c h  case a n   a l t e r n a t e  member t o  ac t  i n   t h e   p l a c e   a n d   s t e a d  of 
such member wheneve r   t he   s a id  member, f o r  any   excep t iona l   r ea son ,  
is n o t   a v a i l a b l e   t o  act  as a member of t h e  Board. 

11. Members of  the  Board,  and  of i ts committees  and  working  groups, 
whether   or   not   employed  by  departments   or   agencies   of   government ,  
are n o t   r e p r e s e n t a t i v e s   o f   t h e i r   e m p l o y e r s .  They s e r v e   i n  a per-  
s o n a l   a n d   p r o f e s s i o n a l   c a p a c i t y   u n d e r   t h e   d i r e c t i o n   o f   t h e   C o m m i s s i o n ,  
a n d   t h e i r   e m p l o y e r s   o r   s u p e r i o r   o f f i c e r s  are not  committed i n  any 
way b y   t h e   a c t i o n s   o f   t h e   i n d i v i i . u a 1  members of t h e  Board. 

1 2 .  The  Chairmen  of   the  two  Sect ions  shal l   be   joint   Chairmen  of  
t h e   B o a r d   a n d   s h a l l   b e   r e s p o n s i b l e   f o r   m a i n t a i n i n g   p r o p e r   l i a i s o n  
be tween  the   Board   and   the   Commiss ion   and   be tween  the i r   respec t ive  
s e c t i o n s  of t h e  Board   and   the   cor responding   sec t ions   o f   the  
Commission. 

1 3 .  Each  Chairman s h a l l   e n s u r e  tf,at t h e   o t h e r  members  of h i s   S e c t i o n  
of   the   Board  are informed  of a l l  i n s t r u c t i o n s ,   i n q u i r i e s   a n d   a u t h o r i -  
za t ions   r ece ived   f rom  the   Commiss ion ;   a l so  of ac t iv i t ies  undertaken 
by o r  on b e h a l f  of the   Board ,   p rogress  made and  any  developments 
a f f e c t i n g   s u c h   p r o g r e s s .  

14 .  A Chairman, a f t e r   c o n s u l t i n g   t h e   o t h e r  members of h i s   S e c t i o n  
of   the  Board,  may a p p o i n t  a Sec re t a ry   o f   t ha t   Sec t ion   and  a P u b l i c  
In fo rma t ion   Of f i ce r   o f   t ha t   Sec t i . on .  Under t h e   g e n e r a l   s u p e r v i s i o n  
of  t h e   C h a i r m a n ,   t h e s e   i n d i v i d u a l s   s h a l l   c a r r y   o u t   s u c h   d u t i e s  as 
are a s s i g n e d   t o  them  by  the  Secti .on.  

15. The  Board may es tab l i sh   such   commit tees   and   working   groups  as 
may b e   r e q u i r e d   t o   d i s c h a r g e  i t s  r e s p o n s i b i l i t i e s   e f f e c t i v e l y   a n d  
may e n l i s t   t h e   c o o p e r a t i o n  of  f e c e r a l ,   p r o v i n c i a l   o r  s t a t e  depar t -  
m e n t s   o r   a g e n c i e s   i n   t h e   U n i t e d  5tates and  Canada. The du t i e s   and  



composition  of  any  such  committees s h a l l   b e   s u b j e c t   t o   p r i o r  
approval  by t h e  Commission. The Board should  consider  and advise  
t h e  Commission whether i t  would  be  desirable   to   appoint  a coordinator  
t o  assist t h e  Board i n  i t s  i n v e s t i g a t i o n   i n  view  of t h e   s e v e r e  
time c o n s t r a i n t s  imposed on the   s tudy .  Board  and  Committee members 
w i l l  make t h e i r  own arrangements  for  reimbursement of necessary 
expend i tu re s   fo r  tr-avel. 

16. The Board s h a l l   m a i n t a i n   l i a i s o n   w i t h   t h e   I n t e r n a t i o n a l  Lake 
Erie Regulat ion  Study  Board,   the   Internat ional  Lake Superior  Board 
of Con t ro l ,   t he   In t e rna t iona l   N iaga ra  Board  of Control  and t h e  
I n t e r n a t i o n a l  S t .  Lawrence River Board of Control,  so  tha t   each  may 
be aware of  any a c t i v i t i e s  of t he   o the r  Boards  which may be   usefu l  
t o  i t  o r  may have a bear ing  on i t s  act ivi t ies .  

1 7 .  The Chairmen s h a l l   k e e p   t h e  Commission currently  informed  of 
the  Board's  plans  and  progress and of any  developments,   actual  or 
ant ic ipated,   which are l i k e l y   t o  impede, de lay   o r   o therwise   a f fec t  
t he   ca r ry ing   ou t  of t he   Boa rd ' s   r e spons ib i l i t i e s .  

18. The Chairmen s h a l l   s u b m i t ,  a t  least semi-annually  and more 
o f t e n   i f   n e c e s s a r y ,   r e p o r t s   t o   t h e  Commission desc r ib ing   t he  
p rogres s   t ha t   has   been  made and  any  problems t h a t   h a v e   a r i s e n   i n   t h e  
inves t iga t ion .  A l l  s u c h   r e p o r t s   s h a l l   b e   s e n t   t o   t h e   S e c r e t a r i e s  
of   the Commission. Regular  semi-annual  reports  should  be  submitted 
a t  least two weeks p r i o r   t o  the Commission's Apr i l  and October 
meetings . 
19. I f ,   i n   t h e   o p i n i o n  of t h e  Board, t h e r e  is a l a c k  of c l a r i t y  or  
p r e c i s i o n   i n  any in s t ruc t ion ,   d i r ec t ive   o r   au tho r i za t ion   r ece ived  
from  the Commission, t h e  matter s h a l l   b e   r e f e r r e d   p r o m p t l y   t o   t h e  
Commission fo r   app ropr i a t e   ac t ion .  

20. Documents, let ters,  memoranda and  communications of every  kind 
i n   t h e   o f f i c i a l   r e c o r d s  of t h e  Commission are p r iv i l eged  and become 
a v a i l a b l e   f o r   p u b l i c   i n f o r m a t i o n   o n l y  after release by the Commission. 
The  Commission cons iders  a l l  documents i n   t h e   o f f i c i a l   r e c o r d s  of 
t he  Board o r  of  any  of i t s  committees t o  be   s imi l a r ly   p r iv i l eged .  
Accordingly, a l l  such  documents s h a l l  be s o  i d e n t i f i e d  and maintained 
i n   s e p a r a t e   f i l e s .  They s h a l l  become ava i l ab le   fo r   pub l i c   i n fo rma t ion  
on ly   a f t e r   Comiss ion   approva l .  

21. I n  i t s  dea l ing   w i th   t he   pub l i c  and the  news media, t h e  Board 
s h a l l   o b s e r v e   t h e   p r i n c i p l e s  of t he   a t t ached  documents on Publ ic  
Rela t ions   Pol icy   da ted  27 July  1973 and 20 September  1974 of t h e  
commission as supplemented by the   p rov i s ions  of the   s tudy   p lan  of 
t h e  Board when approved by t h e  Commission. 

I s s u e d   t h i s  10 May 1977 

William A. Bullard 

J o i n t   S e c r e t a r i e s  
I n t e r n a t i o n a l   J o i n t  Commission 
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ANNEX C 

Public  Involvement 

The Study's Public  Involvement  Program  Ad-Hoc  Group  was  charged,  basically, 
rrith the  publication  of a  newsletter,  organization and  coordination  of 
public  workshops,  and  the  establishment  of  liaison  with  the  news  media  and  the 
public  sector. 

There  have  been  five  issues  of  the  newsletter  published,  both  in  English  and 
in  French. A copy  of  the  English  version  of  all  the  newsletters  plus  the 
French  version of  issue  number  two  is  in-luded  in  this  Annex.  Also,  included 
is a  report  on  the  public  workshops. 
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INTERNATIONAL GREAT  LAKES 
DIVERSIONS AND CONSUMPTIVE USES  STUDY 

NO. 1 NOVEMBER, 1978 

U.S./CANADA  STUDYING  MAN’S  IMPACT 
ON GREAT  LAKES  WATER  RESOURCES 

In February 1977 the  International Joint Commission 
(IJC) was directed by the  United States and Canadian 
governments to undertake a  study of the diversions and 
consumptive uses in the Great Lakes basin. 

The need for  such  a study was determined by a 
previous investigation of Great  Lakes  water levels by the 
International Great Lakes  Levels Board  (IGLLB). 

The IGLLBstudyshowed that many usersof the Great 
Lakes system are affected by the variation in lake levels 
and outflows,  particularly during periods of extremely 
high or low water supplies. 

The management plans presented in the IGLLB’s 
report showed that regulation of Lakes Michigan-Huron 
was not  economically  justified, but regulation of Lake Erie 
did  hold some promise. 

The Great Lakes  Levels Boards responsibilities did 
not include  aconsideration of thei mpact or benefits which 
could be derived from the management of basin 
diversions.. Therefore, the IJC recommended a separate 
study on diversions in its  report to the Governments of 
Canada and  the  United States, dated April 1976. This was 
partly due to the degree  of interest expressed by the 
public. 

Consumptive uses  of  water within the system  also 
affects  flows and consequently levels, but these effects 

also were not examined in detail by t he Great Lakes  Levels 
Board.  This was noted  in its report with a 
recommendation that they be studied further. 

The two governments, in response to the IJC’s report, 
recognized the need for more information on the effects of 
diversions andconsumptive uses. Theydirected the IJC to 
conduct  a  more  thorough  investigation of  these matters. 

Therefore, in May  1977 the Commission established 
the  International  Great  Lakes  Diversions  and 
Consumptive Uses Study Board to undertake the 
necessary studies and investigations. At the same time, 
the Commission was also directed to  conduct  a further 
study of the regulation of  Lake  Erie and created the 
International Lake Erie Regulation Study Board to 
determine the feasibility of limited  regulation of that lake. 
Active liaison is  being maintained between the two Study 
Boards. 

Similarly, liaison is being maintained with other IJC 
Boards serving the Great  Lakes  area and with the US. 
Increased  Lake  Michigan Diversion at Chicago 
Demonstration and Study Program. This program is 
investigating the feasibility of increasing the amount of 
water diverted from Lake Michigan at Chicago into the 
Illinois Waterway during periods of above normal lake 
levels. 

TERMINOLOGY 

‘Within  the  context  of  this  study,  the  following  terms  will  be  used as defined  below: 

Diversions - man-made  modifications  such as canals,  dams,  etc..  which  alter  the  inflows,  outflows or  flows  between lakes In  the 
Great  Lakes  system.  The  principal  diversions  cansidered  in  this  study are: (1)  Long  Lake/Ogoki,  which increases the 
natural  supply of water to all  lakes;  (2)  Lake  Michigan  Diversion  at  Chicago,  which  reduces  the  supply to lakes other  than 
Lake  Superior;  and (3) Welland  Canal,  which  lowers  the  levels of Lakes  Erie  and  Michigan-Huron. 

Consumptive  Use - refers to  the  portion of water withdrawn or withheld  from  the  Great  Lakes  system  for  various uses that is not 
returned.  Consumptive uses which  will  be  considered  include:  agricultural  (e.g.,  irrigation,  livestock  watering), 
manufacturing,  and  domestic. Water so consumed  in  any of the  separate  lake  basins  constitutes  a  reduction in  the net 
water  supply  to  that  lake  and  also  reduces  the water supply to downstream lakes. 

Metric  Equivalent - one  cubic  foot per second  (cfs)  equals 0.0283 cubic  metre  per  second. 



STUDY  ORGANIZATION 

United States 
Maj. Gen. Richard L. Harris, Chairman 
Corps of Engineers 
Mr. William Marks 
State of Michigan 
Mr. Frank Kudrna 
State of Illinois 

Mr. Clifford H. McConnell 
State of Pennsylvania 

Mr. James  D. Hebson 
Federal Energy Regulatory Commission 

Canada 
Mr. Ralph L. Pentland, Chairman 
Department of Environment 

Mr. Ralph H. Smith 
Department of Transport 

Mr. Grant  Mills 
Ontario  Ministry of the Environment 
Mr. Betrand Bouchard 
Quebec Ministry of Natural Resources 
Mr. Roy A.  Walker 
Ontario Hydro 

The Board subsequently established a Working Committee of a  similar  composition to carry  out  the 
necessary studies. In order to utilize available expertise, the Working Committee established subcommittees; 
namely, Diversions, Consumptive Uses, and Environmental Evaluation, to cover these prime areas.  Each 
subcommittee is comprised of one Canadian and one US. member. 

The major objectives of the Study Board are: (1) t3  determine the effects of current  diversionson levelsand 
flows in the Great  Lakes  system, including the reach of the St. Lawrence River from Lake Ontario to Trois Rivieres, 
Quebec, and to investigate the possible effects of variations in these diversions; (2) to determine the current and 
projected future consumptive uses and their effects c m  lake levels. Hydrologic and economic impacts will be 
assessed with respect to shoreline interests, navigation, and power production;  and the environmental 
consequences will be examined for the Great  Lakes sfstem,and  along  the diversion routes. 

HIGHLIGHTS OF THE  STUDY  SCHEDULE 

November 1977 - Presentation to the IJC of the Study Board's Plan of Study 
November/December 1977 - IJC Public Hearings on the Plan of Study 
Fall 1978 - Preliminary Possible Diversion Management Alternatives Developed 
Winter 1979 - Public Comment on Preliminary Management Alternatives 
Spring 1979 - Completion of Detailed Hydrologic, Environmental, and Economic Evaluations 
Fall 1979 - Public Workshops on Study Results 
1980 - Report Finalized and Submitted to  IJC 

"""""""""""""""""""l 

LET US KNOW YOUR VIEWS! 
Diversions is published by the  International Great Lakes Diversions and Consumptive Uses Study Board. 
Please help us establish  a  mailing  list and let us know of your interest in this study by filling out the enclosed 

form and mailing it  in the enclosed, self-addressed envelope. Otherquestions and comments should be  sent to the 
Study Board c/o Public Affairs  Office, US. Army Corps of Engineers, Box 1027, Detroit,  Michigan 48231, or c/o 
Department of Environment, Inland Waters Directorate, Ottawa, Ontario, KlAOE7. 

Thank you  for  your interest! 
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LET US KNOW YOUR VIEWS! 

The views, desires, and needs of the  public are  essential inputs  to  the  planning  process of the  International 
Great  Lakes  Diversions  and Consumptive Uses Study.  In  order  to  incorporate these  views into  our  program, we 
need your  input. 

If you are interested  in  receiving  further issues of Diversions and/or  interested  in  attending  public  workshops 
on  the  study, please indicate  this  on  the  following  form, then return  in  the  enclosed  envelope.  To  be  of value, your 
replies should be  given before December 22, 1978. 

Also, please tell us what your  interests  are  with respect to this  study,  and  the  locations  where  you  would be 
willing to attend  workshops. 

1. Name 

Add r e s  

2. What  is your  interest  in  this  study?  (Check  one  or  more;  detail, if necessary) 

- Consumptive Use - Fish  and  Wildlife 

~ Shore  Property - Special  Interest  Group  or  Agency (please  name) 

- Navigation 

- Hydroelectric Power - Other (please describe) 

- Recreation 

~ Political  Concern 

3. Do  you wish to receive further issues of Diversions (this  newsletter)? 

- Yes - No 

4. What  is your  language preference? 

- English - French 

5.  A tentative series of public  workshops  would  bedesigned to inform  the  public  and special  interest groups 
who  are  either  interested or affected  by the  study and, at the same time,  provide an opportunity  for  the 
public to voice  their  comments  and  recommendations.  Would  you  attend  such a workshop at a location 
convenient  for  you? 

- Yes __ No  Comments: 

6. Of the  following  locations  in theGreat  Lakesarea, pleasecheck  those  locations where you  would  attend a 
workshop: 

" 

Sault Ste. Marie, Michigan  or  Ontario 

Windsor,  Ontario,or  Detroit,  Michigan 

Sarnia, Ontario, or Port  Huron,  Michigan 

Duluth,  Minnesota 

Thunder Bay, Ontario 

Buffalo,  New York State,or Niagara Falls, Ontario 

Toronto,  Ontario 

Chicago,  Illinois 

Montreal, Quebec 

Please  return  this form in the  enclosed  self-addressed  envelope. 



PROPOSED  MANAGEMENT ALTERNATIVES 

In order to respond to the IJCs directive, the Board will investigate the impacts of existing and any proposed 
diversions on the Great  Lakes levels andflows.  Thecurrent average diversion ratesare5,OOOcubic  feet persecond 
(cfs) from Long Lake and Ogoki Reservoirs into Lake SLperior, 3,200 cfs from Lake Michigan into the Illinois 
Waterway  at Chicago, and 7,000 cfs in  the Welland Canal between Lake Erie and Lake Ontario. These  values are 
shown on the following diagram. Also shown on this diagram are other causative factors which affect lake levels 
and reflect the relative magnitude of each of the factors. 

Thousands of  cubic   f ee t   per   s econd  

7 4  

HYDROLOGIC FACTORS 
AFFECTING WATER SUPPLIES 

TO EACH OF THE GREAT LAKES 

1 
This  f igure  has  been  taken from the  IJC report  "Further  Regula.:ion of the  Great  Lakes",  1976. 

The changes in each individual diversion that are beilig considered for evaluation are as follows: 
(1)  Long Lake/Ogoki Diversions - These can be maintaired at their  current average  rate, reduced to a value of 

2,500 cfs. or shut off. Therefore the values of 5,030, 2.500, and 0 cfs are to be evaluated. 
(2) Lake Michigan Diversion at Chicago - Part of this divorsion could also be shut off  but afigure of 0 cfs is not 

totally  practical  since  the domestic consumption and navigation in the area would have to be satisfied; 
however, for  a  point of reference, 0 cfs  will be evaluated. This diversion may also be increased up to an 
average of approximately 8,100 cfs which isthe mz,ximum condition of the U.S. Increased Lake Michigan 
Diversion at Chicago Demonstration and Study Program. Therefore, the average flow rates of 0,3,200, 
6,600, and 8,100 cfs will be evaluated. 

(Continued or, page 4) 
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(Continued  from page 3) 

(3) Welland Canal - Part of this diversion could also be shut off,  but a  figure of  zero is not practical since it is 
necessary for navigation between Lakes Erie and Ontario and for the generation of power. The current 
average  release through the canal is 7,000cfs, but it has thecapacity  to pass9,OOOcfson ayearly average 
basis. Therefore, both 7,000 and 9,000 cfs will be evaluated. Also, for  a point of reference, 0 cfs will be 
evaluated. 

These diversions will be evaluated singularly and in combinations. The evaluations will be  made utilizing  a 
mathematical model of the Great  Lakes system. 

Each individual or combination alternative will be evaluated using representative indicators to determine 
when adjustments in  flow rates should take place. The indicators  being considered are lake levels, watersupply to 
the system, and/or a forecast of extreme water supply conditions. 

Preliminary indications are that changes in water levels resulting  from possible management diversions 
would be a half foot or less. 

It is emphasized that the above management alternatives are theoretical  only and will not necessarily be 
implemented. 
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INTERNATIONAL  GREAT  LAKES  DIVERSIONS 
AND  CONSUMPTIVE  USES  STUDY 

NO. 2 JUNE, 1979 

DIVERSIONS  NEWSLETTER  BRINGS 21Yo RESPONSE 
The  first issue o f  Diversions, published by  the  Inter- 

national Great Lakes Diversions and Consumptive Uses 
Study Board, was well received, and we  express our ap- 
preciation to  all who responded to our request for  public 
views and concerns. 

Of 14,500 newsletters mailed to  various publics 
throughout  the Great Lakes Basin, over 3,100 persons, or 
21 percent of the total,  returned  the accompanying mail- 
back survey indicating  their interest in  this  study and in 
having  workshops. 

We apologize that, due to  circumstances beyond  our 
control some people received the  newsletter after the dead 
line  for response, and that self-addressed envelopes were 
inadvertently  left  out of a number of newsletters. We 
extend a special thank you to  those recipients who never- 
theless responded. 

The respondents have  been divided  into  the  following 
categories: unaffiliated members of  the  public,  including 
individual shore property owners, 63 percent of  the res- 
pondents; representatives of government a t  all levels, 
13 percent; representatives of industry, 8 percent; academia, 
8 percent; special interest groups, including  environmental 
groups and shore associations, 7 percent; and media, 
1 percent. 

The shore property issue generated the  most response; 
57 percent of  the respondents expressed concern about 
waterfront  property and accompanying  problems of erosion 
and flooding. Recreation  ranked second, then  fish and 
wildlife, navigation,  consumptive uses, political concerns, 
and hydroelectric power,  respectively. 

We regret that we cannot personally answer all the 
questions and comments received. However, those most 
frequently  mentioned are  addressed on pages 3 and 4 of 
this issue of Diversions. Several inquiries of a technical 
nature have received individual replies. 

Of the total respondents, 75 percent expressed a 
desire to  attend a t  least one workshop concerning  this 
study.  Although interest was widespread throughout the 
Great Lakes Basin, the largest number of responses were 

concentrated in the Chicago, Detroit-Windsor, and Buffalo- 
Toronto areas. 

Public  workshops are tentatively scheduled a t  these 
sites and a t  least one location  in the Lake Superior Basin. It 
is anticipated  that they will be held in Spring, 1980. A t  the 
workshops, the Study Board will discuss hydraulic and 
economic  impacts on power,  navigation and shoreline 
interests of the  diversion  alternatives. The workshop dates 
will be publicized  in a third issue of Diversions, as well as 
in local  media. 

In addition, we will welcome written correspondence 
from members of the public unable to  attend a workshop 
due to distance or other  factors.  Your knowledge, as 
members of the affected  publics, i s  valuable to  the progress 
and results of this  study, and all views will be consldered 
within  its  total  context. 

See  page 4 for the addresses where correspondence 
should be sent. 

S t a f f  members of the Public Affalrs Office, US. Army Corps of  
Engineers,  in Detroit, Mlchigan, revtew stacks of Diversions surveys 
returned from members of the public. Over 3,100 responses were 
received and tallled. 
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HIGHLIGHTS OF STUDY PROGRESS 

Diversion Alternatives 

Studies are progressing on the evaluation of impacts 
under all combinations of diversion alternatives listed in 
the first issue.  (These  are repeated below.) During these 
studies, detailed evaluation of  conditions in the Illinois 
Waterway (Chicago Diversion' ) indicated that the opportu- 
nity  to increase flows above the present rate of 3200cfs had 
been underestimated. As a result of reevaluation this value 
has now been set a t  an approximate annual average of 
8700 cfs  instead of 8100 cfs previously reported. 

when adjustments in  flow rates should take place. The in- 
dicators being  considered are  lake levels, water supply to 
the system, and/or a forecast of extreme water supply 
conditions. 

Consumptive Uses 

Preliminary projections have  been  made of consump- 
t ive uses in the system through to the year 2035. These  uses 
represent a progressive reduction in the water which will be 
flowing through the lakes in the future. By "routing"' the 
projected reduced supplies through the system, their effects 

Long Lake/Ogoki Diversions - The values of 5,000,  on  lake levels will be computed, and in  turn their economic 
2,500, and 0 cfs are to be evaluated. impacts evaluated. 
Lake Michigan Diversion a t  Chicago' - Part of this 
diversion could also  be shut off  but a figure of 0 cfs 
i s  not  totally practical, since the domestic consump- Environmental Evaluation 

tion and navigation in the area would have to be 
satisfied; however, for a point of reference, 0 cfs will 
be evaluated. Therefore, the average annual flow 
rates of 0, 3,200 (current average), 6,600 and 8,700 
cfs will be evaluated. 
Welland Canal - Part of this diversion could also  be 
shut off,  but a figure of zero is not practical, since it 
i s  necessary for navigation between Lakes Erie and 
Ontario and for the generation of power. The current 
average annual release through the canal is 7,000 cfs, 
but it has the capacity to pass 9,000 cfs on a yearly 
average  basis. Therefore, both 7,000 and 9,000 cfs 

Environmental evaluation studies are focusing on 
three areas: the Great Lakes-St. Lawrence  system as a 
whole; the Illinois Waterway and the Long Lake-Ogoki 
Diversions. In view of the limitations of budgetary and 
manpower resources  available to the Board, the extent of 
these environmental studies will be governed by the econo- 
mic impacts of the various alternatives being  considered. In 
other words, any alternative which has to be discarded as 
economically unacceptable would  not  justify the expendi- 
ture of these  resources on the determination of i t s  environ- 
mental impacts. 

will be evaluated. Also, for a point  of reference, 0 cfs 
will be evaluated. Public Involvement 

These diversions will be evaluated singly and in The  survey of  public interest conducted through the 
combinations. November 1978 issue of Diversions provided a gratifying 

response.  The most frequently expressed concerns are 
Each individual  or  combination alternative will be  addressed in this newsletter. We expect to be holding  public 

evaluated  using representative indicators to determine workshops on the emerging study results in Spring 1980. 

I Lake  Mlchigan  Diversion  at  Chicago,  hereafter  simply  referred  to * "Routing" is a hydraulic  computation  whereby changes in  the 
as the  Chicago  Diversion.  flows into,  between and out  of  the  Great Lakes  system,  together 

with  other factors such as precipitation  and  evaporation,  are 
converted  to changes in lake levels. 
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SOME  ANSWERS TCI YOUR  QUESTIONS 
1. QUESTION: Why is the  study being limited  to  the 
analysis of  existing  major diversions? What would be the 
effects of  altering  the  current  flow rates of these diversions 
on the Great Lakes  system! 

ANSWER: Study  limits are defined  by  the February 21, 
1977, Reference from the two Governments to  the  Inter- 
national  Joint Commission. This Reference requested that a 
study be conducted to  examine the  feasibility  of  altering 
the existing and/or  proposed  approved diversions within, 
into,  or  out  of  the Great Lakes Basin. While  the study i s  
not  limited to the existing major diversions, previous 
studies of the Great Lakes system have indicated  that only 
the major diversions of Long Lake/Ogoki, Welland Canal, 
and Chicago are of sufficient magnitude to  have significant 
impacts  on the water levels and flows  of  the system. Hence, 
the initial phase of the  study has been concentrating  on 
management plans for these diversions; any minor  diver- 
sions  such as the  New York State Barge  Canal will be 
addressed in a later phase. 

The second portion  of the above question is the reason 
for  the  study. Prior studies have dealt, in  part,  with  the 
hydrologic  effect  of altering these diversions. This  study 
will deal wi th the  total question,  presenting not  only the 
hydrologic  impact  but also  addressing the economic and 
synoptic environmental  impacts. These  are still  in the 
process of being evaluated. 

2. QUESTION: Under this  study, are physical changes 
to  the Great Lakes system being  evaluated? 

ANSWER: The Reference to the  International  Joint 
Commission does not  provide  for the  investigation of 
physical changes to  the Great Lakes system. The study is 
mainly dealing with  the  existing diversion channels and 
their physical capacities. Such matters as deepening channels 
and the  proposed  Black Rock Canal Diversion along the 
Niagara River are being considered by  the Lake Erie Regula- 
tion  Study under another Reference. Data produced  in 
these twa studies are being exchanged to insure coordination. 

3. QUESTION: In  light  of the  previously completed 
International Great Lakes Levels Board study,  why i s  this 
study being conducted? 

ANSWER: The International Great Lakes Levels Board 
(IGLLB) study investigated the various factors which  affect 
the  fluctuation  of water levels and  recommended  actions 
to be taken to  bring  about a range of stage more  beneficial 
to the users of the Great Lakes System. Throughout  the 
progress of  that  study,  fixed diversion rates were  used. 
Those rates were authorized  by law or  through exchange of 
Notes between the United States and Canadian Govern- 
ments.  While  the final  report  of  the Great Lakes Levels 
Board discussed the  impacts of existing diversions a t  their 
fixed rates, the impacts of managing the diversions were not 
considered as this was beyond the  terms of reference for 
that  study.  Therefore, the IGLLB recommended that  this 

be taken  up as a separate study. Consequently, the  Diver- 
sions and Consumptive Uses Study was requested by  the 
two Governments. 

4. QUESTION: How was the selection of membership on 
the Study Board determined? 

ANSWER: The selection of members of IJC Boards is  
carried out  by means of consultations between the IJC 
and state, provincial and federal governments. In  this case, 
since both the Lake Erie and Diversion and Consumptive 
Uses References cover the same geographic area, members 
for each Board were chosen from the area where the 
greatest impact was felt  to occur for  the  particular  study. 
Both Boards were directed by the IJC to stay in close liaison 
and to freely exchange information. 

5. QUESTION: What causes fluctuations  in water levels 
and can such  changes  be controlled-perhaps to a more 
constant average level-to benefit the various Great Lakes 
interests involved! 

ANSWER: These  basic questions were examined in 
considerable detail  by the IGLLB  (1964-73), a study  which 
is not being duplicated  by  this Board. In general, lake 
levels  rise and fall seasonally in response to the annual 
hydrologic cycle and, in the  long term, due to extended 
periods of  wet or dry years. For example, increases in 
precipitation raise the levels; higher levels increase the 
outflows; greater outflows compensate by  bringing  down 
the levels. On the other hand, during periods of  low  precipi- 
tation, lake levels start to  drop and outflows decrease to 
stabilize levels. Thus, without the intervention of man, 
lakes are naturally self-regulating.  The natural regimes of 
outflows and levels of  both  Lakesuperior and Lake Ontario, 
however, are modified  by regulatory works  constructed a t  
their  outlets ( a t  Sault Ste. Marie and Cornwall/Massena, 
respectively). These works, with associated power generating 
and navigation facilities, serve to  control  the  outflow, 
thereby impacting on the lake levels. The IGLLB study, 
aimed a t  determining whether further regulation of the 
lakes is feasible, showed that (i) some improvement  in 
levels, with resulting  net  benefits, could be achieved by 
altering  the operating plan  for the Lake Superior  works, 
(ii) regulation  of Lakes MichigadHuron by the construction 
of works  in  the  outlet  St.  Clair/Detroit rivers is not eco- 
nomically feasible, and ( i i i )  some possibility exists for 
regulating Lake Erie by  constructing  works a t  its  outlet. 
As a result,  the IJC has directed  that a new  operating plan 
for the regulation of Lake Superior be prepared by i t s  
Lake Superior  Board of  Control and an International 
Lake  Erie  Regulation Study Board was created to  study 
regulation  of  that lake in greater detail. The IJC has  also 
created the Diversions and Consumptive Uses Study Board 
which is addressing itself,  in  part, t o  determining whether 
improved lake level regimes can be achieved by  modifying 
any of the diversions into and out  of the Great Lakes Basin. 
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Some Answers to Your Questions (cont.) 

6. QUESTION: Does the study take into account such 
factors as run-off  to the lakes from the land and tributary 
rivers, rainfall, evaporation and evapo-transpiration, water 
used for power generation, and so on? I s  i t  possible to 
computerize these factors? 

ANSWER: Yes. All these (and many other) factors are 
built  into the hydrologic,  hydraulic and economic calcula- 
tions involved. Of  necessity, these calculations are com- 
puterized. 

7 .  QUESTION: What are the Long Lake/Ogoki Diver- 
sions? Will they be increased? I s  it realistic to consider 
reducing them to zero? 

ANSWER: These diversions bring water into Lake 
Superior from rivers which  originally  flowed north-eastward 
into the Albany River system  and onward into James Bay. 
These diversions have  been in existence for about forty 
years for the purposes of log driving and hydroelectric 
power generation. Reducing these diversions to zero during 
periods when the Great  Lakes are experiencing high supply 
is a physical possibility; however, in balancing the resultant 
economic benefits and losses to the Great Lakes  System, 
the costs of replacing the lost power generation and of 
using an alternative log transportation system have to be 

considered. Conversely, the possibility  of increasing these 
diversions during low supply periods on the Great Lakes 
has been considered.  However, within the operating con- 
straints on Lake Nipigon and Long Lake, these diversions 
are presently passing all the available water; hence, no 
increase in diversion is possible. 

8. QUESTION: Can the Chicago Diversion be  increased 
and/or the Long Lake/Ogoki diversions decreased a t  various 
times of the year to provide benefits throughout the system? 

ANSWER: This i s  indeed the fundamental purpose 
and  mandate of the study.  Knowing  that, from the hydraulic 
point  of view, the levels of the Great  Lakes  can  be lowered 
in this manner, the purpose is  to determine what specific 
diversion changes, if any, could be  made that are feasible 
economically and environmentally. It must be noted, 
however, that the effects of changing these diversions are 
not instantly felt  throughout the Great Lakes  due to the 
size of the system  and the time it takes for changes in the 
water supply to work  down  through the system. Prior 
studies have shown that  this can  be as long as 15 years. 
Hence, although small short-range impactscould be obtained 
in the lake from or into which a diversion is made, the full 
impacts of flow changes would only accrue if they are 
sustained  over long periods. 

LET US KNOW YOUR VIEWS! 
Diversions is published by the International Great Lakes Diversions and Consumptive Uses Study Board. 
You are encouraged to le t  us know your concerns and questions about this study by contacting us by mail  or telephone. 

Also, please help us  keep our  mailing list up to date by  notifying us of any change of address. 
Address  correspondence to the  International Great  Lakes Diversions and Consumptive Uses Study Board C/O Public 

Affairs Office, US.  Army Corps of Engineers, Box 1027, Detroit, Michigan 48231, or  c/o Department of  Environment, 
Inland Waters Directorate, Ottawa, Ontario, K I A  OE7, or call (313) 226-4680 in  Detroit or (613) 997-1780 in Ottawa. 

Thank you for your interest! 
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ETUDE INTERNATIONALE DES DERIVATIONS ET DES 
UTILISATIONS  CONSOMMATRICES  DE  L’EAU  DES  GRANDS  LACS 

N O  2 JUIN 1979 

21% DE REPONSES A NOTRE FORMULAIRE 

La premiere edition de Diversions, qui a ete preparee 
par le  Bureau international d’etude sur  les derivations e t  les 
utilisations consornrnatrices de  I’eau  des  Grands  lacs, s’est 
averee fructueuse e t  nous voulons profiter de l’occasion 
pour rernercier tous ceux e t  celles qui  ont repondu a notre 
appel  visant l a  connaissance  des points de  vue e t  inter6ts 
publics. 

Des 14,500 bulletins adresses a divers inter6ts publics 
dans  la region du bassin  des  Grands lacs, 21 pour cent ou 
3,100 personnes ont repondu a I’enqucte en nous faisant 
part de leurs interdts sur cette etude e t  sur I‘etablissernent 
d’ateliers de travail. 

Nous regrettons que certaines personnes ont requ 
I’edition apres la date lirnite de reponse e t  que les enveloppes 
de  reponse  pre-adressees n‘ont pas et6 inserees  dans toutes 
les publications. Nous voulons particulierernent rernercier 
ceux e t  celles qui nous ont retourne quand rn6rne leur 
forrnulaire dOrnent rernpli. 

Les repondants ont ete separes  en  groupes pour 
representer les categories  suivantes:  rnernbres non  affilies 
du public, y cornpris plusieurs proprietaires riverains, 
63 pour cent des repondants; representants du gouverne- 
rnent a tous les niveaux, 13 pour cent; representants de 
I’industrie, 8 pour cent; la gent acadernique, 8 pour cent; 
les groupes representant des inter6ts speciaux, y cornpris 
les groupes environnementaux e t  les associations  riveraines, 
7 pour cent; e t  la presse, 1 pour cent. 

La question de propriete riveraine a engendre le plus 
grand nornbre de reponses; 57 pour cent des repondants ont 
rnanifeste leurs inquietudes par rapport aux droits de 
propriete riveraine e t  aux problernes decoulant de I‘erosion 
e t  des inondations. La recreation est venue  en deuxierne 
rang. L’ordre respectif de priorite des autres  sujets es t  le 
suivant: peche et  vie sauvage, navigation, utilisations 
consornrnatrices,  interGts politiques e t  energie hydro- 
electrique. 

Nous regrettons de  ne  pas pouvoir repondre person- 
nellernent a toutes les questions e t  tous les cornrnentaires 
forrnules. Par contre, les questions e t  cornrnentaires les 

31us usites  paraissent  aux pages 3 e t  4 de la presente edition 
, j e  Diversions. Plusieurs dernandes a caractere technique ont 
fait I’objet de  reponses individuelles. 

De tous les repondants, 75 pour cent ont rnanifeste le 
3esir  d‘assister a au rnoins un atelier de travail sur la  presente 
itude. M6rne si les personnes  interessees representaient la 
region entiere des  Grands  lacs, le plus grand nornbre de 
reponses se concentrait dans les trois secteurs  de  Chicago, 
Detroit-Windsor e t  Buffalo-Toronto. 

Des ateliers de travail s’adressant  au public sont 
prevus a titre d’essai  dans ces trois localites e t  dans  au 
rnoins un secteur du bassin du lac Superieur. Nous nous 
attendons a ce qu’ils soient tenus au printernps 1980. Le 
cornite d’etude responsable  des ateliers se penchera sur les 
sujets  de discussion  suivants: les effets hydrologiques e t  
econorniques de la  production d’energie, de la navigation e t  
des inter6ts riverains. Les  dates  de tenue des ateliers parai- 

Les  membres du personnel du Bureau d‘affaires publiques du 
((US. Army Corps  of  Engineers)) a Detroit (Michigan) effectuent 
une  revision des  enquetes  de Diversions en compilant les  reponses 
des  membres du  public. Plus de 3,100 formulaires ont ete recus et 
compilees. 



21% de rhponses i notre formulaire (suite) 

tront dans la troisierne publication de Diversions e t  seront constituent un facteur important dans I‘avancement e t  les 

annoncees publiquernent par la presse locale. resultats de I’etude en cours e t  tous les points de  vue 
De plus, nous  accepterons les commentaires ecrits des abordes seront consideres rneme le contexte englobant 

membres du  public  qui ne pourront pas assister aux ateliers I’etude. 
en raison de problemes de distance ou de facteurs analogues. Se reporter a la page 4 pour retrouver les adresses  de 
Vos connaissances  cornme  membres du public interesse correspondance  applicables. 

FAITS SAILLANTS DANS  L‘AVANCEMENT DES ETUDES 

Options de derivation 

Des etudes sur I‘evaluation des impacts se poursuivent 
pour  etablir toutes les cornbinaisons possibles  des options 
de derivation enumerees  dans la premiere publication. (Ces 
options sont repetees ci-apres.) Au cours de  ces  etudes,  une 
evaluation detaillee des conditions dans le chenal Illinois 
(derivation a Chicago’ ) a indique que la possibiliti d‘aug- 
menter les debits au-dessus du taux actuel de 3,200 pi3/s 
avai t  Qte sous-estirnee.  Une re-evaluation des conditions a 
entraine une augmentation de cette valeur a un debit 
annuel rnoyen d’environ 8,700 pi3/s au lieu des 8,100 pi3/s 
anterieurement reportes. 

systeme e t  (ou) la prevision des conditions extremes dans 
I’apport d‘eau. 

Utilisations consommatrices 

On a etabli des projections prelirninaires sur les 
utilisations consommatrices dans le systerne  jusqu’a  I’annee 
2035. Ces projections representent une reduction progres- 
sive dans I’utilisation de  I’eau qui traversera les lacs  dans le 
futur. La compilation des effets des taux de consommation 
sur les niveaux d‘eau  des  lacs est  rendue  possible en 
((debitant))’ les taux projetes d‘alimentation reduite dans  le 
systeme, ce qui permet d‘evaluer  leurs irnpactseconomiques. 

Derivations lac Long/Ogoki - Les  valeurs  de  5,000, 
2,500 e t  0 pi3/s  feront I’objet d’une evaluation. Evaluation environnementale 
Derivation du lac Michigan a Chicago’ - Une partie 
de cette derivation pourrait aussi 6tre ferrnee,  rnais 
la  valeur  de 0 pi3/s n’est  pas tout a fait pratique 
puisque la consommation domestique e t  la navigation 
dans le secteur doivent 6tre satisfaites; toutefois, 
comme point de reference, on evaluera  aussi 0 pi3/% 
Par consequent, les debits annuels  rnoyens de 0, 
3,200 (rnoyenne actuelle), 6,600 e t  8,700 pi3/s 
feront aussi I’objet d‘une evaluation. 
Canal Welland - Une partie de cette derivation 
pourrait aussi 6tre fermee,  mais le chiffre 0 ne serait 
pas pratique vu les besoins  de la navigation entre les 
lacs Erie e t  Ontario e t  de l a  production d‘energie. 
La  decharge moyenne actuelle par le canal e s t  de 

Les  etudes  sur I’evaluation environnernentale se 
concentrent sur  les trois regions  suivantes: le  systeme  des 
Grands  lacs e t  du St-Laurent pris cornme un  tout, le chenal 
Illinois e t  les derivations des reservoirs Ogoki et  du lac 
Long. Les  ressources budgetaires e t  de main-d’oeuvre du 
Comite font face a toutes sortes  de restrictions e t  le deve- 
loppement des etudes  sur I’evaluation environnementale 
sera regi  par les impacts economiques des differentes 
options considerees.  En  d’autres  terrnes, toute  option qu‘il 
faut abandonner  parce qu’elle ne  s‘avere  pas rentable du 
point de  vue economique ne justifierait pas la depense  de 
ces ressources  par rapport a la determination de ses impacts 
sur I‘environnement. 

7,000 pi3/s, mais sa capacite moyenne sur  une  base 
annuelle est de 9,000 pi3/s. Ces deux valeurs seront 
donc evaluees ainsi  que 0 cornme point de refkrence. L’enquete rnenee  par suite de l a  publication de 
Ces derivations seront evaluees individuellement et  Diversions de novembre 1978 pour determiner la  partici- 

Participation du  public 

en combinaisons. 
Chaque option individuelle ou combinee sera  evaluee 

au moyen de parametres representatifs afin de determiner 
les moments propices aux  reglages  des debits. Les parametres 
consideres sont les niveaux des  lacs, I’apport d’eau  au 

’ Derivation  du  lac  Michigan a Chicago,  reportee  ci-apres  comme 
derivation a Chicago. 

pation du public a donne une  reponse  satisfaisante. Les 
questions les plus frequernment posees sont repondues 
dans  la  presente edition. Nous esperons tenir des ateliers 
de travail s‘adressant  au public e t  englobant les resultats 
des etudes  abordees au printemps 1980. 

Le  terme  ((debitant))  correspond a un  calcul  hydraulique ou les 
changements  dans les debits  d’entree,  d’ecoulement  interieur  et 
de  sortie d u  systeme  des  Grands lacs, de  corps avec d’autres 
facteurs  comme  la  precipitation  et  I‘evaporation  sont  convertis 
en  changements  dans les niveaux  d‘eau  des lacs. 
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REPONSES A VCIS QUESTIONS 

1. Question: Pourquoi la  presente etude se limite-t-elle B 
I'analyse des principales derivations actuelles? Comment la 
modification des debits actuels de  ces derivations pourrait- 
ei le affecter le systeme  des Grand lacs? 

Reponse: Les limites de I'etude sont definies dans la 
Reference des deux gouvernements dont la date de publica- 
tion remonte au 21 fevrier 1977. Cette Reference proposait 
qu'une etude soit entreprise pour examiner l a  rentabilite 
de modification des derivations approuvees existantes e t  
(ou) proposees a mdme, se jetant dans ou sortant du bassin 
des Grands lacs. M&me si cet te etude ne se limite pas aux 
derivations majeures  existantes, des etudes anterieures sur 
le systeme  des  Grands  lacs ont indique que  seules les 
derivations majeures des reservoirs Ogoki e t  du lac  Long, du 
canal Welland et  de Chicago etaient assez grandes pour 
causer  des impacts importants sur les debits et  niveaux 
d'eau du syst8me.  La  phase initiale de I'etude s'est donc 
concentree sur les plans  d'amenagement de  ces derivations; 
toutes les derivations mineures comme celle du canal  Barge 
dans I'Btat de New York seront Btudiees  dans  une  phase 
ulterieure. 

La deuxihme partie de la question ci-haute porte sur 
la raison de I'etude. Des etudes antbrieuresont  partiellement 
aborde I'effet de modification de  ces derivations sur le plan 
hydrologique. La  presente etude englobera tous les points 
de  vue  en  ne se limitant pas seulement 4 I'impact hydrolo- 
gique,  mais en abordant aussi les impacts economiques e t  
les effets generaux  sur I'environnement. On est actuellement 
en train d'evaluer ces impacts. 

2. Question: Est-ce  que la presente etude tient compte 
des changements physiques dans le systeme  des  Grands 
lacs? 

Reponse:  La Reference ne tient pas compte de  1'6tude 
des changements physiques dans le systeme  des  Grands  lacs. 
L'Ctude porte essentiellement sur les canaux de derivation 
existants e t  leurs  capaciths  physiques. Les sujets comme 
I'approfondissement des canaux e t  la derivation proposee 
du canal Black Rock le long de l a  rividre Niagara sont 
actuellement soumis B I'Etude de contrde  du lac Erie 
sous  une autre reference. Les donnees decoulant de  ces 
deux etudes sont khangees par les organismes  responsables 
qui en  assurent la coordination. 

3. Question: Pourquoi la presente etude a-t-elle e t6  
entreprise alors qu'une etude anterieure par le Bureau 
international des niveaux des Grands lacs avait deja ete 
completee? 

RBponse: L'etude du Bureau international des niveaux 
des Grands lacs (BINGL)  portait sur les differents facteurs 
pouvant affecter la fluctuation des niveaux d'eau e t  sur les 
mesures a prendre pour assurer  une meilleure utilisation  du 
syst&me des Grands lacs. Aux fins de cette etude, les taux 
de derivation utilises ktaient fixes. Ces taux ont  fait I'objet 

d'une autorisation legale ou d'un accord fond6 sur  des 
echanges  de Notes entre les gouvernements americain e t  
canadien. Alors que le rapport definitif  du Bureau des 
niveaux des  Grands  lacs presentait les impacts des deriva- 
tions existantes soumises B des taux fixes, les impacts de 
contrde des derivations n'avaient fait I'objet d'aucune 
recherche puisqu'ils ne faisaient pas partie des  themes 
abordes. Par consequent, le BINGL a recommand6  que ces 
impacts soient compris dans  une etude separee. L'Etude des 
derivations e t  des utilisations consommatrices a donc ete 
proposee  par les deux  gouvernements. 

4. Question: Quels etaient les criteres pour determiner la 
selection des participants du Bureau d'etude? 

Reponse: La  selection des participants aux  etudes  des 
Bureaux de la CMI s'effectue sur  une  base  de consultation 
entre la CMI e t  les gouvernements federaux, provinciaux e t  
d'etats. Dans le present cas, les References du lac Erie e t  
des Derivations e t  utilisations consommatrices se concen- 
traient sur la mdme region  geographique e t  les membres de 
chaque  Bureau ont et6 choisis pour representer la region oh 
le plus grand impact devait se faire sentir par rapport 2 
I'Ctude particulih-e. La CMI a demande  aux deux Bureaux 
de  garder un rapport etroit entre eux e t  d'etablir un systeme 
assurant un libre echange  de renseignements. 

5. Question: Qu'est-ce qui cause les fluctuations dans  les 
niveaux  d'eau?  De tels changements peuvent-ils dtre con- 
trdes au benefice des differents interdts impliques dans le 
bassin  des Grands  lacs?  Jusqu'a que1 point peut-on rendre 
le niveau moyen plus constant? 

Reponse: Ces questions fondamentales ont et6 exami- 
nees  en detail par le BINGL (1964-73) e t  I'etude en  cause 
ne  sera  pas reprise  par le present Bureau. En principe, les 
niveaux d'eau  des  lacs  s'elhvent e t  s'abaissent  sur  une  base 
saisonniere, dependant du cycle hydrologique annuel. 
Sur  une  base B plus long terme, la variation dans  les niveaux 
d'eau  depend des periodes  prolongees de  secheresse ou 
d'humidite au cours des  annees.  Par exemple,  I'augmenta- 
tion des precipitations entraine une hausse  des niveaux; des 
niveaux plus Bleves rehaussent les debits de sortie; des 
debits plus grands  assurent  une diminution des niveaux. 
D'un autre chte, les niveaux des lacs commencent a descen- 
dre durant les periodes oh les precipitations sont faibles, ce 
qui entraine une diminution des debits de sortie e t  une 
stabilisation des niveaux. Ceci  veut dire que les lacs s'auto- 
regularisent naturellement lorsqu'ils ne  subissent  pas 
I'influence de I'homme. Par contre, les regimes naturels des 
debits de sortie e t  des niveaux des  lacs Superieur e t  Ontario 
sont modifies par les ouvrages  de regularisation construits a 
I'emplacement de  leurs sorties (a Sault-Sainte-Marie e t  i 
Cornwall/Massena respectivement). Ces travaux e t  les 
installations connexes  de navigation e t  de production 
d'energie  servent a contrder les debits de sortie et  influen- 
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Reponses B vos questions (suite) 

cent donc les niveaux d’eau  des lacs. L‘etude du  BlNGL  qui 
essayait  de determiner jusqu’a que1 point d’autres contrdes 
des debits de sortie des  lacs seraient rentables est arrivee 
aux 3 conclusions suivantes: (i) les niveaux d‘eau du lac 
Superieur pouvaient Btre ameliores en modifiant le plan 
d’operation des installations du lac, une telle modification 
representait nettement des  avantages pour les usagers; 
(ii) le contrble des  lacs MichigadHuron par la construction 
d’ouvrages a la sortie des riviires Sainte-Claire/Detroit 
n‘etait pas rentable du  point de  vue economique; (iii) le 
contrble du lac Erie par la construction de travaux a sa 
sortie offrait certaines possibilites. Suite a cette etude, 
la CMI a exige qu‘un nouveau plan d‘operation pour le 
contrde  du lac Superieur soit prepare  par le Comite de 
contrble du lac Superieur et  le  Bureau international d’etude 
sur le contrble du lac Erie a B t e  Cree pour etudier plus 2 
fond le contrble de  ce lac. La CMI a aussi fonde le Bureau 
international d’etude sur  les derivations e t  les utilisations 
consommatrices qui tente, entre autres, de determiner si 
les regimes  des niveaux des  lacs peuvent Btre amkliores en 
modifiant n‘importe laquelle des derivations d‘entree ou 
de sortie du bassin  des  Grands lacs. 

6. Question: L‘etude en cours tient-elle compte de 
certains facteurs comme I’ecoulement de  I’eau  des riviires 
affluentes e t  des terres dans les lacs,  la precipitation, 
I’evaporation e t  I‘evapo-transpiration, l‘eau utilisee dans les 
installations de production d‘energie et  ainsi de suite? 
Peut-on Bvaluer  de te ls  facteurs a I‘ordinateur? 

Reponse: Oui. Tous ces facteurs ( e t  plusieurs autres) 
sont compris dans les calculs hydrologiques, hydrauliques e t  
economiques impliques. La technique actuelle nous oblige 5 
evaluer ces facteurs a I’ordinateur. 

7. Question: Qu‘entend-on par derivations Ogoki/lac 
Long? Seront-elles accrues? Est-iI realiste de  penser d les 
reduire d zero? 

Reponse: Ces derivations transportent de l’eau dans le  
lac Superieur a partir de rivieres qui s‘ecoulaient originale- 
ment en direction nord-est, dans le systime de la riviere 
Albany e t  enfin, dans  la  baie  James.  En existence depuis 

environ quarante ans, lesdites derivations servent  au trans- 
port des billots e t  a la production d’energie hydrodlectrique. 
La reduction de  ces derivations d zero durant les periodes 
013 les Grands  lacs sont fortement alimentes s’av6re physi- 
quement possible,  mais les coDts  de remplacement de 
I’energie  perdue e t  d’utilisation d‘un systeme alternatif de 
transport des billots doivent Btre  consideres lors de I‘etablis- 
sement du solde  des pertes e t  benefices economiques 
resultant d’une te.lle modification dans le systeme  des 
Grands lacs. Reciproquement, la possibilite d‘augmentation 
des derivations durant les periodes ou I’alimentation des 
Grands lacs est  reduite a aussi et6 consideree. Aucune 
augmentation dans le taux de derivation n‘est possible 
parce  que les derivations actuelles sont alimentees  par toute 
l’eau disponible e t  soumises aux restrictions d’operation des 
lacs Nipigon e t  Long. 

8. Question: La derivation Chicago peut-elle Btre  accrue 
et  les derivations Ogoki/lac Long peuvent-elles Btre reduites 
a differents moments de  I’annee pour augmenter la rentabi- 
lite  du systeme? 

Reponse: Ceci constitue en fait le mandat et  I’objet 
fondamental de la presente etude. En  sachant  que les 
niveaux d‘eau  des  Grands  lacs peuvent Btre  abaisses du 
point de  vue hydraulique, iI  faut alors determiner quels 
changements  de derivation specifiques, s’il y a lieu, peuvent 
dtre effectues toujours en demeurant rentables sur les 
plans economique e t  environnemental. A noter cependant 
que les effets de changement de  ces derivations ne se font 
pas immediatement sentir dans les Grands  lacs;  une  des 
raisons est I‘immensite du systeme et  I’autre, le temps 
requis pour que des  changements  dans I’alimentation d’eau 
se manifestent a mBme le systeme.  Des  etudes anterieures 
ont demontre que la realisation des changements peut 
prendre jusqu‘d 15 ans.  MBme si de petits impacts 2 court 
terme pouvaient etre realises  dans le lac B partir duquel ou 
vers lequel la derivation est  effectuee, iI n‘en  reste  pas 
moins que les impacts complets des changements dans les 
debits ne seraient concrktises que si de te ls  changements 
etaient maintenus pendant de  longues periodes. 

DONNEZ-NOUS VOTRE POINT DE VUE! 
((Diversions)) es t  publie par l e  Bureau international d’etude sur les derivations e t  utilisations consommatrices de  I‘eau  des 

Grands  lacs. 
Nous  vous  encourageons d nous faire part de  vos commentaires e t  questions sur la presente etude en communiquant avec 

nous par telephone ou courrier. Priere de nous  aider d garder notre l iste d’envoi i date en nous  avisant de tout changement 
d‘adresse. 

Priere aussi  d‘adresser toute la correspondance a u  Bureau international d‘etude sur les derivations e t  utilisations consom- 
matrices de I’eau  des  Grands  lacs, c/o Public Affairs  Office, US. Army Corps of Engineers, Box 1027, Detroit, Michigan 
48231 ou a/s du Ministere de I’Environnement, Direction generale  des  eaux interieures, Ottawa (Ontario)  K1A OH7. Les 
communications telephoniques s’effectuent en composant le numero (313)  226-4680 pour Detroit ou (613) 997-1780 pour 
Ottawa. 

Nous vous remercions de votre interdt! 
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Study  progress wiill be presented 
at  upcoming publlic  workshops 

Prel iminary  resul ts   emerg ing  f rom  the  In ter -  #:shore  property,  navigation  and  power). Projections of 
national Great Lakes Diversions and Consumptive Uses consumptive uses on the  Great Lakes to  the year 2035, and 
study will be presented to interested  parties in May 1980 at the  attendant  impacts on these interests, will also be 
a series of public workshops in Chicago, Buffalo,  and presented. 
Detroit, U.S.A., and in  Toronto and Sault Ste. Marie, 
Ontario, Canada. 

The  meetings will  provide an opportunity for  people not 
directly involved in the study to familiarize themselves with 
the  subjects being  studied as well as with the  progress to 
date, and to express their views. 

Background 
The International Great Lakes Diversions and  Con- 

sumptive Uses Study  Board was established in 1977 to 
undertake  a  study of the  diversions and consumptive uses 
in  the Great Lakes Basin  and their  effects  on water levels 
and flows  in the Great Lakes. 

Previous investigations of Great Lakes levels have not 
included a consideration of the  impacts  or  benefits which 
might be derived from possible  alternative  methods of 
managing the Basin's diversions. These diversions are 
man-made alterations to the water supplies of the Great 
Lakes; i.e., altering the flows  into,  out  of, or between the 
Great Lakes. 

The major  diversions  being  considered in this  study are 
the Long  Lake/Ogoki Diversions into Lake Superior,  the 
Lake Michigan Diversion at Chicago,  and the Welland 
Canal  Diversion  out  of  Lake  Erie. Also, previous  in- 
vestigations have not examined  the  effects of consumptive 
uses of water, such as agricultural, manufacturing,  and 
domestic uses, on lake levels and  flows. 

Therefore, in 1977, the governments of the United States 
and Canada directed the International Joint Commission- 
an agency which considers  boundary water problems 
common to the  interests  of  both governments-to in- 
vestigate these two subjects. The Commission, in  turn, 
appointed experts from  both  countries to the Study  Board. 

The Study Board is presently  scheduled to report  its 
findings to the  International Joint Commission in the 
summer of 1981. The Board's report  will  identify one or 
more diversion managemen? scenarios  and outline the 
range of likely impacts on the major interests to be affected 

Public Workshops 
The dates and locations of the  workshops are given 

below. The locations were selected according  to the 
response from an earlier questionnaire. 

(Continued  on page 2) 
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Schedule of Public Workshops 
May 14, 1980 - Sault College of Applied Arts & 

Technologies, 
Sault Ste. Marie, Ontario, 
Canada 

May 15, 1980 - Windsor Hotel near O'Hare 
Airport, 
Chicago, Ill., U.S.A. 

May 20, 1980 - Downtown Statler Hotel, 
Buffalo, N.Y., U.S.A. 

May 21, 1980 - Toronto Public Library, 
789  Yonge St., 
Toronto, Ontario, Canada 

May 22, 1980 - Southfield Sheraton, 
Detroit, Mich., U.S.A. 

Important - If a  lack of interest on the  part of the  public 
is  displayed-that is, if minimal response to any  one of the 
planned workshops is indicated  through the enclosed 
questionnaire-that particular  meeting will be cancelled. If 
a workshop  is cancelled, you  will be notified,  and we will  be 
pleased to meet individually  or to correspond  with those 
who  had wished to attend. 
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(Continued from page 1) 

At the upcoming  public workshops, the Study Board will 
report  on the  progress to date. The main scenarios being 
considered  and  their hydrologic and environmental im- 
plications  will be presented, as well as the  projected 
consumptive uses and  their  hydrologic  effects.  The 
evaluation methodology  by  which  findingsare reached will 
be discussed. 

Following  this opening review, those in attendance will 
have an opportunity to present statements and  voice 
opinions. This segment will be followed  by  aquestion-and- 
answer period and general discussion. If the group is large 
and  various  individuals have specific  concerns,  the 
meeting will be broken  up  into smaller groups, where they 
will be able to meet with those  who are knowledgeable in 
their areas  of concern. 

The moderator will close by reviewing  the  main points 
developed in the  workshop.  Afterward, participants  will 
have  an opportunity to evaluate the  workshop by means of 
questionnaires. 

Methodology 
Essentially, the study has two tasks: the first, to study 

the effects of existing diversions,  and how these effects 
would change i f  the diversions were managed in a different 
manner; the second, to quantify existing  consumptive uses, 
estimate how these will inctease in the future, and  examine 
their hydrologic effects. 

Baslsof  Comparlson. The first step in  determining  how 
past human  intervention  affects present Great Lakes levels 
and flows has been the establishment of a Basis of 
Comparison. This  isa baseline water regime against which 
possible  changes  due to such further  intervention can be 
measured and evaluated. 

Because of the  many  physical and  regulatory changes 
that have occurred  in the Great Lakes system over the 
years, it  is  impractical to use historical levels and flows  for 
this  purpose.  Instead,  the Basis of Comparison  consists of 
a series of levels and flows  obtained  by  using, via a 
computerized  model,  the  actual water supplies  recorded 
during the period of 1900-1976, assuming contemporary 
physical  conditions  to have existed and current  regulation 
plans to have been in  operation constantly throughout the 
period. 

Specifically,  the Basis of Comparison assumes seven 
constant features, namely: Lake Superior regulated in 
accordance with Plan 1977; Lake Ontario regulated in 
accordance with Plan 1958D; average diversions of 5,000 
cubic feet per second at Long  Lake/Ogoki, 3,200 cfs at 
Chicago, and 7,000 cfs at the Welland, and present channel 
conditions  in the St. Clair-Detroit and Niagara Rivers. 

Dlversion  Trigger. The  study  procedure assumes that 
if, at times of high water suppliesand  correspondingly  high 
lake levels, the Long  Lake/Ogoki diversions were cut back 
(reducing  flow  into the Great Lakes) and/or  the Chicago 
diversion was stepped up (increasing flow  from the Great 
Lakes), there would be some alleviation of high lake levels. 
To explore  the  numerous  possibilities,  it  had to be 
determined when, and by  how  much, diversion flows  might 
be changed.  Two types of triggers were studied-lake 
stage  and  water  supply.  The  latter was found  more 
effective, because supply  changes  precede level changes 
and thus  give  more lead time. When the water supply goes 

Niagara  Falls 

above the  long-term mean value,  the  diversion  flow 
changes being tested are triggered. 

Insofar as the “how  much” is  concerned,  diversion 
changes  were  selected  which  bracket  the  range  of 
possibilities. For the Welland Canal, an increase to its 
maximum  capacity of 9,000 cfs was considered. For +he 
Chicago  diversion,  consideration was given to a  maximum 
annual case of 8,700 cfs and an intermediate case of 6,600 
cfs. For the  Long Lake/Ogoki  diversions, two alternatives 
were considered:  a  maximum change; i.e., triggering a 
complete shutdown of the  diversions to zero, and an 
intermediate case; i.e., triggering  down to 2,500 cfs. These 
and other  diversions changes, singularly and in various 
combinations, give 39 scenarios for evaluation. 

Projecting Consumptive  Uses. From  a base year of 
1975, a“Most  Likely  Projection” has been developed as the 
best  estimate of the withdrawal and consumption of water 
over the  next  six decades, to the year  2035. Sectors of water 
use considered  in  this  study  are:  municipal,  rural- 
domestic,  rural-stock,  manufacturing, power generation, 
irrigation and mining. At least 90% of  all projected water 
consumption is attributed to three of these seven sector j- 
municipal,  manufacturing and power generation. While 
varying  considerably  between water-use sectors  and 
specific areas within the Great Lakes, consumptive water 
use on a total basin scale remainsa relatively constant 6-7% 
of water withdrawals. 

Forecasts  depend  upon  the  assumptions  made A 
number of “alternative”  futures have been prepared by 
varying  the  basic  assumptions. They were developed to 
indicate  the  inherent  uncertainties in forecasting changes 
and new developments in the economic,  technologic and 
public  policy spheres, and the possibility of unexpected 
large scale catastrophic events. With this  in mind,  the  “Most 
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Likely  Projection”  and its alternatives provide  the best 
estimates of consumptive water-use trends in the Great 
Lakes Basin for input to the analysis of impacts on lake 
levels. 

The hydrologic analysis of consumptive uses essentially 
involves determining  the  difference between Basis of 
Comparison levels and  flows  and those obtained when the 
steadily-increasing estimated future consumptive uses are 
introduced  into the computations. It should be noted that 
future  consumption uses will not only ameliorate extreme 
high lake levels, but  will make diversion management 
increasingly  ineffective,  since  reduced  supplies will less 
frequently  trigger diversion changes. 

Major  interests  Affected. There are several  areas  of 
impacts  being evaluated in the overall study. The effects on 
shoreline property  (primarily  flooding and  erosion),  marine 
structures and water intakesare  being examined. The basic 
components of this  examination  are  available  flood 
damage, water level and  physiographic data. 

The effect on commercial  navigation, power production, 
recreational opportunities,  and  commercial fishery ac- 
tivities is also being examined. As the lake level is lowered, 
the capability  for a  ship to load to its  maximum is reduced, 
resulting in fewer tons of commerce  cargo per trip. This, 
along with alternate modes of transportation competing 
with  water-borne  commerce,  would have  a negative 
economic impact  on  ports and local communities. The loss 
or gain of hydro-electric power production is based upon 
the cost of power.  The  cost may vary greatly,  depending 
upon  the  availability of power and  the  nature of the power 
system affected. 

Changes in beach areas are being evaluated in terms of 
their ability to provide  recreational  opportunities. Recrea- 
tional  boating and  commercial  fishery activities may be 
affected if lake levels became too low to navigate. The 
monetary value of this impact is based upon the percent of 
time during  the  boating season that the various types of 
boats could  not operate, or  upon the  cost of  dredging 
required to offset the lowered lake levels. 

Lake level alterations due to diversion management 
could result in adverse or  beneficial  impacts on Great 
Lakes water quality,  wildlife and fish. The emphasis on the 
water quality evaluation is on the near-shore area, since 
water level fluctuations, as well as water quality impacts, 
would be most noticeable in shallower water, where most 
water-related activities and uses occur. 

The major  effects on  wildlife are through changes in 
wetland areas. Evaluation is with respect to effects on 
wetland  types,  long-term  and  short-term  vegetation 
structure,  and wildlife habitat Effects on fish are being 
evaluated through the review of published  reports.  Strong 
emphasis was placed on identifying the requirements of the 
fish populations  for specific near-shore habitat, especially 
wetlands and shallow embayments, and identifying the  fish 
species which require, in summer, the cool waters of the 
hypolimnion. 

Progress 
As described above, the  major  components of the study 

are the determination of the hydrologic, economic,  and 
environmental  impacts on the Great Lakes system of 
diversions and consumptive uses 

Qiversions and Environmental investigations. The 
hydrologic  computation for assessing the effects of varying 

the  rates of existing  diversions  (within  their present 
physical  capacities)  during periods of above-average 
supply have been completed for 39 scenarios. From this 
total array,  the  Board has selected the following seven 
scenarios for detailed evaluation: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Long  Lake/Ogoki Diversions 
Chicago Diversion 
Welland Canal 

Long  Lake/Ogoki Diversions 
Chicago Diversion 
Welland Canal 

Long  Lake/Ogoki Diversions 
Chicago Diversion 
Welland Canal 

Long  Lake/Ogoki Diversions 
Chicago Diversion 
Welland Canal 

Long Lake/Ogoki Diversions 
Chicago Diversion 
Welland Canal 

Long Lake/Ogoki Diversions 
Chicago Diversion 
Welland Canal 

Long  Lake/Ogoki Diversions 
Chicago Diversion 
Welland Canal 

0 
3,200 cfs 
7,000 cfs 

5,000 cfs 
3,200 cfs 
9,000 cfs 

5,000 cfs 
8,700 cfs 
7,000 cfs 

0 
8,700 cfs 
9,000 cfs 

0 
0 
0 

5,000 cfs 
0 
7,000 

5,000 cfs 
3,200 cfs 
0 

The hydrologic investigationsconducted todate indicate 
that scenario (4) has the greatest impact on lake levels. On 
Lakes Michigan-Huron, the maximum level would be 
lowered by approximately 7”, the minimum level by 2”, and 
the mean level by 4”. It was found  that the  environmental 
effect of this scenario would be minor, based on the 
available data. 

An environmental assessment  of impacts on the Long 
Lake/Ogoki  diversions system was precluded by a lack of 
data for this area. With respect to the Lake Michigan 
Diversion at Chicago, an environmental assessment report 
concerning  the area adjacent to the Illinois Waterway  was 
completed  in November 1979. Data from  the  report 
indicates  that  incremented  diversions  will have only 
nominal  effects on  biological resources, due to various 
constraints in the diversion operating plan. 

The balance of the  environmental evaluation; Le., the 
impact en beaches, boating and water quality, is  being 
cenducted by the International Lake Erie  Regulation Study 
Board. Preliminarv  findings are expected to be available at 
the upcoming workshops. 

Consumptive Uses Investigations. The consumptive 
uses element of the  study has been essentially completed. 
From the base  year  1975 to 2035, a “Most Likely  Projection” 
has been developed as the best estimate of withdrawal and 
consumptive water use  over the next 60-year period. Under 
this projection, the total water consumption  in the Great 
Lakes Basin is expected to increase from 4900 cubic feet 
per second in 1975 to 25,000 cfs in 2035. 

Evaluation of the  hydrologic  effects  of  increasing 
consumptive uses includes the determination of the point 
at which the current  regulation plans  for Lakes Superior 
and Ontario may become totally impractical, due to the 
lowered levels of the lakes  caused by the increased 
consumptive use. 
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Public Workshops 

Questionnaire 
1. Which of the public workshops  do you plan to attend? 

-Sault College of Applied Art!$ & -Toronto Public Library, 
Technologies, 789 Yonge  St., 
Sault  Ste.  Marie, Ontario, Caiada Toronto, Canada 
May 14,1980 May 21,1980 

“Windsor Hotel near  O’Hare Airport, -Southfield  Sheraton, 
Chicago, Ill., U.S.A. Detroit, Mich., U.S.A. 
May 15,1980 May 22,1980 

-Downtown  Statler Hotel, 
Buffalo, N.Y.,  U.S.A. 
May 20,1980 

2. Do you prefer  an afternoon or wening meeting? 

-afternoon 
-evening 

3. Do you plan on presenting a stiltement at the workshops? 

-Yes 
-No 

4. What is your interest regarding the study? (Check  one  or  more:) 

-Water level control 
“Shore property - On which lake? 
-Navigation 
-Hydro-electric  power 
-Fish and wildlife 
-Recreation 
“Political concern 
-Special interest group or  agency - Please  name: 
-Other: 

5.  If you cannot attend a workshop, we would be  pleased to accept your 
concerns,  questions,  etc.,  by mail. The deadline for receiving information of this type 
is July 1, 1980. 

For follow-up purposes,  please provide: 
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INTERNATIONAL  GREAT  LAKES  DfVERSlONS 
AND  CONSUMPTIVE  USES  STUDY 

. . ~  ""_ ._.,. .. __. .-MBER 1980 

PUBLIC  WORKSHOPS  HIGHLIGHTED  CONCERNS OF 
SHORELINE 

In May 1980, the International Great Lakes Diver- 
sions and Consumptive Uses Study Board presented prelim- 
inary findings to interested parties a t  a series of workshops. 

A total  of 11 7 people attended the six workshops: 
7 a t  Sault Ste. Marie, Ontario;  14 a t  Chicago, Illinois;  22 a t  
Buffalo, New York; 10 a t  Toronto,  Ontario; and 64 at  the 
two workshops at Detroit, Michigan. The workshops were 
held on May 14, 15, 20, 21 and  22 respectively. 

The major concern of participants a t  all workshops 
was the future status of shore property. Other areas of 
concern included recreation and fish and wildlife  followed 
by hydroelectric power, consumptive use  and navigation. 

The main theme heard throughout  the  workshop was 
that water levels in the Great Lakes  system  seem to be 
managed for the benefit of navigation and hydroelectric 
power interests. Furthermore, it was noted that  the water 
levels preferred by these entities are in direct conflict  with 
the preferences of riparian interests. The Board was  asked 
to bear in  mind while carrying out i t s  evaluations that 
business  losses that may b e  suffered by shipping and power 
interests are replaceable  or  recoverable while shoreline 
losses  are forever. See the  editorial on page 3 for the 
Board's view. 

WORKSHOP FORMAT 
Workshop locations and times had  been  scheduled in 

accordance with  public preferences as expressed in ques- 
tionnaires distributed via earlier issues of Diversions. 

Each workshop began with an introduction  of  work- 
shop principals by the moderator - Col. Bob Vermillion  in 
the United States and Mr. John Bathurst in Canada, the 
co-chairmen of the Study Board's Working Committee. 

The introduction was followed  by a half hour slide- 
illustrated presentation which reviewed in greater detail 
the material outlined in the third issue of Diversions. This 
included the main diversion management  scenarios being 
considered by the Board and their  hydrologic and environ- 
mental implications, the projected trends in consumptive 

RESIDENTS 
use  and  associated hydrologic effects and the methodology 
being used to evaluate  selected diversion management 
scenarios. 

As  an example  of the type of data  presented for 
public review  and comment, see the table on the next page, 
which shows the hydrologic impacts of  four diversion 
management  scenarios on the Great Lakes System. 

After the presentation by the Board,  those in attend- 
ance  had  an opportunity  to present  statements. A general 
discussion period followed. At the end of each workshop, 
participants were invited to evaluate their experience by 
means of questionnaires. A short summary on each work- 
shop is  presented on the following pages. 

WORKSHOP  HIGHLIGHTS 
Sault Ste. Marie, Ontario - May 14, 1980 

The workshop was attended by interested residents 
from the surrounding area including a representative of the 
Whitefish Bay  Shore Erosion Association. Although the 

A Note of Appreciation 
To all those who attended the May workshops held 

by the International Great  Lakes Diversions and Consump- 
t i v e  Uses Study Board, thank you for your time, your 
effort and your  contributions. 

Limited space  makes it impossible to note in the 
Newsletter al l  the questions and concerns that were ex- 
pressed a t  the five workshops. Nonetheless, all input was 
equally appreciated and will be included by the Board as 
part of i t s  findings in the  final  report to the  International 
Joint Commission in May 1981. 

We also thank those  people who were unable to 
attend a workshop but  took the time  to  write and  express 
their views. 
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number of participants was small, a useful exchange of 
information  took place. In particular, discussion  centered 
on  the operating range of Lake Superior and the effect of 
the  maximum impact scenario on that lake. (See scenario 
4, in  the table.) The representative from the Whitefish Bay 
Association noted  that  current high levels were destroying 
sand  dunes  and  associated  beach nourishment. The Board 
was aware of the  problem but stated that enormously 
expensive construction would be required to bring lake 
levels down. I t  was not within the present  Board’s  terms 
of reference to consider additional  construction;  the Board 
was to assess the impact of varying existing diversions, i.e., 
Long Lake/Ogoki, Chicago,  and  Welland. Participants noted 
other cases of erosion such as a t  the City of Tawas,  and  also 
expressed concern about the  hydrologic impact of pro- 
jected consumptive uses. 
Chicago - May 15, 1980 

Workshop participants included representatives from 
public interest groups such as the Lake  Shore Property 
Owners Association and from agencies  such as the Metro 
Sanitary District of Greater  Chicago. 

A number of questions were  raised including  how the 
Board proposed to assess the costs  and benefits for the 
main scenarios  and how navigation, power and  shore pro- 
perty interests would be weighed in the final analysis. The 
economic impact on Chicago of forecest lake level reduc- 

tions due to consumptive use  was questioned, as was how 
shoreline damage figures  were being calculated. 

The Board explained that all factors - economic, 
hydrologic and environmental - will be considered in 
conducting scenario  evaluations. To the extent possible, 
costs  and benefits will be  expressed in average annual 
figures. In some cases, notably, social  and environmental 
impacts, dollar equivalents are not readily available. The 
final evaluations will be submitted by the Study Board to 
the  International Joint Commission, which in  turn  will 
report i t s  recommendations to governments. 

In terms of the diversion rates a t  Chicago, the Board 
noted that these do not include the consumptive use portion 
and withdrawal  for  that purpose would  not be restricted. 
The economic impacts of reduced water supply due to pro- 
jected consumptive use will  not be  addressed by the present 
Study;  the task of the Board is  to assess the  hydrologic 
impact. 

I t  was noted by participants that shoreline damages 
seem to increase for successive high water periods. In 
response it was  suggested that this could be attributed to 
development which takes  place in the interim period. The 
natural absorptive capacity of  the basin  is constantly being 
reduced, resulting in faster rates of  runoff which lead to 
earlier peaks  and higher water levels. 

International  Great  Lakes  Diversions  and  Consumptive  Uses  Study - Preliminary  Results - Hydrologic  Comparison* (lake levels  in feet) 
- -____ - 

Basis ot‘ 
Comparison-i- 

.. - - 

LAKE SUPERIOR :I. 
Mean 600.44 
Max 601.93 
M in 595.69 
Range 3.24 

LA KI< MICIll(;A  N-[IUKON 
Mean 578.21 
Ma\ 581.15 
M i n  575.47 
Kange 5.68 

I,AKE ERIE 
Mean 570.76 
Max 573.60 
M in 568.09 
Kange 5.51 

I A K E  ON7’AHIO :I. 
Mean 244.72 
Ma\ 249.44 
Min  241.56 
Kange 7.88 

~__- 

Scenario I Scenario 2 Scenario 3 

CHI. 3200 CHI. 3200 <’HI.  8700 
WELL. 7000 WELL. 9000 WELL. 7000 

LL/O 0 LL/O 5000 LL/O 5000 

600.36 
601.83 
598.42 

3.41 

578. I 1 
580.92 
575.39 

5.53 

570.65 
573.44 
568.05 

5.39 

244.64 
248.53 
241.18 

7.35 

600.43 
601.93 
598.68 

3.25 

578.25 
581.10 
575.46 

5.64 

5  70.7 1 
573.50 
568.09 

5.41 

244.73 
249.44 
241.52 

7.92 

600.38 
601.92 
598.60 

3.32 

578.10 
580.86 
575.40 

5.46 

570.64 
573.40 
568.05 

5.35 

244.64 
248.40 
241.19 

7.21 

” 

Scenario 4 
LL/O 0 
CHI. 8700 
WELL. 9000 

600.29 
601.83 
598.31 

3.5 2 

577.92 
580.59 
575.31 

5.28 

570.48 
573.15 
568.00 

5.15 

244.55 
248.07 
240.74 

7.33 

* This  table  includes 4 of the 7 diversion  management  scenarios  selected  for  detailed  evaluation.  The  practicality of detailed  evaluations of the 

.t Long  Lake/Ogoki - 5000 cfs;  Chicago - 3200 cfs;  Welland - 7000 cfs. 
$Lake  Superior  regulated by Plan 1977 and  Lake  Ontario  regulated  by  Plan 1958-D. 
LL/O = Long  Lake/Ogoki;CHI. = Chicago;  WELL. = Welland. 

” 

other 3 scenarios,  listed in the  third issue of  “Diversions”, is being  assessed. 
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Also of interest to participants was how the Chicago 
diversion rates of 3,200 cfs and 8,700  cfs  were  established. 
The 1967 Supreme Court decision that  limits the Chicago 
diversion to its present 3,200 cfs was outlined. Also, the 
Demonstration Program on the Illinois Waterway was 
explained. I t  was noted that  the figure of 8,700 cfs is being 
studied in a hypothetical sense;  an actual demonstration 
will not take place. Environmental consequences down- 
stream, e.g., flooding, erosion, that  could be  associated with 
a diversion of 8,700 cfs  were noted. 
Buffalo -- May 20, 1980 

Statements  were  received from representatives of 
Cleveland Yacht Clubs  and the Erie County Shoreline Task 
Force. 

The Yacht Clubs' representative was supportive of 
high lake  levels which curtailed the need for dredging to 
maintain adequate depths for recreational boating. He 
noted  that dredging costs  have  increased substantially since 
open  lake dumping has  been banned. 

The Erie County Shoreline Task Force representative 
relayed the group's concern about high lake levels  and 
stated that levels are maintained for navigation and power 
interests a t  the expense of shore property interests. Con- 
cern was  also  expressed about the amount of material 
being dredged  and  removed from  the lake and the legality 
of doing so. 

The impact of landfills on lake levels  was  discussed 
as well. 

Several participants were interested in the history and 
operation  of  the Long Lake/Ogoki diversions. These diver- 
sions  were built  to improve log driving operations and to 
enhance power production.  A number of participants felt 
that these diversions are partly responsible for present-day 
higher water levels. The Board noted that a t  the request 
of the U.S. government, the Ogoki diversion was stopped 
during the high water period of 1974. 

Other questions asked pertained to the status of the 
Lake Erie Regulation Study, in particular,  the Squaw  Island 
Diversions; and why thermal power production was being 
included as a consumptive use. 
Toronto - May 21,  1980 

Participants included members from the Shoreland 
Preservation Association and  representatives from various 
provincial and municipal agencies. 

No official statements  were  received. A significant 
number of questions were concerned with the consumptive 
uses portion  of the Study. 

The Board emphasized that  the projections are only 
a "best estimate" based on a number of assumptions.  The 
variance about this best estimate progressively increases 
from f 7 %  in 1985 to -t 40% by 2035. It was noted by 
participants that the projected consumptive use rates for 
Canada  and the United S ta tes  in 2035 are 7,000  cfs  and 
18,000 cfs respectively. A followup question was concerned 
with whether this would result in new power-sharing 
arrangements a t  St. Lawrence and  Niagara plants between 
Canada  and the United States. I t  was stated that this con- 
sideration is beyond the terms of reference for the Board. 

L 

EDITORIAL 
LAKESHORE  PROPERTY, 

NAVIGATION  AND POWER 
After closely analyzing the discussions, the questions 

asked  and the general flow of information that took place 
a t  the May workshops, it becomes  clear that most shore 
property owners  feel that studies like the Great Lakes 
Diversions  and Consumptive Uses tend to work against 
them and to favor navigation and power over riparian 
interests. 

In setting the record straight, i t  should be pointed 
out  that  both this study and the earlier Lake Levels study 
were undertaken in response to concerns expressed by 
riparian interests. Every  endeavor is made by federal agen- 
cies in  both Canada  and the United States to approach such 
studies with a completely objective point  of view. The 
Diversions  and Consumptive Uses Study is  investigating the 
environmental, economic, and social effects of possible 
decisions that may alter the Great Lakes  system, to even 
the smallest degree. 

I t  should be  emphasized that we  are dealing with a 
study situation. Webster's Dictionary tells us that to study 
is  to reflect upon, to endeavor to learn all that is possible 
about a subject or subjects. And in this case, to come up 
with facts that  will help us to understand the problems 
better in order to seek solutions that will reflect the overall 
good. 

In dealing with regional  studies, it is  desirable to take 
a broad view that takes into consideration the length of 
time involved in consolidating all the  information needed. 
The time factor in particular can prove frustrating to the 
citizen, since  we  are dealing, by and  large, with situations 
that may  be  resolved  many  years in the  future. 

It is only human to want problems solved right now, 
but sometimes  we have to  wait  for long periods. One  conso- 
lation is that future generations will benefit from the 
dialogue that i s  going on today. With your help, we will 
continue to seek out the best solutions for this vast Great 
Lakes/%.  Lawrence region. 

Again related to the consumptive use portion, a 
question was  asked whether the environmental impacts of 
lake levels lowered by consumptive use had  been  costed. 
The Board stated that  this had not been done  very ade- 
quately owing to lack of appropriate data. 

One participant wanted to know if the Board was 
considering dredging of the St. Lawrence as a means of 
increasing outflows and therefore lowering Lake Ontario. 
Dredging was not  within the terms of reference for the 
Diversions and Consumptive Uses Study Board. However, 
the Lake Erie Regulation Board was considering such 
alternatives. 
Detroit - May 22, 1980 

A total  of ten statements  were  received a t  the  after- 
noon and  evening workshops. Spokesmen included repre- 

3 



sentatives from the  Macomb County Board Commissioners, 
Wayne County Conservation Association, Michigan Shore- 
lands Preservation Association, League of Women Voters, 
Lake Et-ie Advisory Committee, Grandview Beach Associa- 
tion,  Inter Lake Yachting Association, among others. 

As a t  the othet- workshops, participants were mainly 
concel-ned about high water levels. Examples of negative 
impacts, such as restricted land use, erosion, and flooding 
of private property, loss of wildlife  habitat, high water  table 
conditions  which increased construction and maintenance 
costs, pool-et watet. quality,  etc., were ou;lined. There was 
strong  support for management of diversions to  benefit 
shot-t: property Interests. I t  was noted  that even a reduction 
of a few inches would  benefit  riparian interests. Suggestions 
to reduce lake levels included  shutting of f  the  Long 
Lake/Ogoki diversions, increasing flow  through a t  Chicago 
and Welland, opening  locks a t  the Black Rock Ship Canal 
and building  the Squaw Island diversion as suggested in the 
Lake Levels Board Report 1974. Several participants sup- 
ported chart datum level as the preferred level for Lake 
Erie. There was unanimous agreement that  action be taken 
as soon as possible; procrastination costs money, e.g., the 
recent April  flood. 

To compensate for navigation and power losses under 
regulated lower level conditions several solutions were pro- 
posed:  dredging of deeper navigation channels, higher 
consumer costs for goods carried by Great Lakes  vessels, 
and  consideration of alternate energy sources. 

At  both  Detroit workshops, considerable interest was 
shown in the  history and hydrologic  impact of  the  Long 
Lake/Ogoki diversions. Most participants favored shutting 
it  down when lake levels were high; however, there was 
some doubt a s  to whether Canada would  support such  an 
action. Participants were reminded that  the  Ogoki diversion 
had been shut down  during  the high  water  period in  1974. 

The projected trends in consumptive use were ques- 
tioned as well. The Wayne County Conservation Association 
stated that  they  will closely examine the assumptions upon 
which  the  projections are  based, in  particular,  the conservs- 
t ion aspects. Also, they were  concerned about the impacts 
a decreased  range of level fluctuations  would have on 
natural systems. A similar  concern was voiced by  the repre- 
sentative from  the Great Lakes Fisheries Commission. The 
Board was advised that damage to  near-shore reproductive 
areas could be extensive. 

Further questions at Detroit  included  inquiries about 
the Chicago diversion  rate of 8,700 cfs, the  limiting  factor 
on loading of lake vessels (not  to draw more than 27 feet), 
dredging of Lake  St.  Clair and whether the  outflow  of the 
Detroit River could be controlled, seiche impact, and 
whether low lake levels would  return again as part of the 
long-term cycle. 

WORKSHOP EVALUATION 
The  evaluation sheets returned to  us indicated that 

the  majority  of  participants gave high marks to  the  Work- 
shops as a tool  for  information exchange. 

Al l  the  participants said they  found the  workshops 
to  be somewhat informative and the  majority rated them 
as definitely  informative. Some people were  impressed with 
the leadership displayed in conducting  the workshops a t d  
one person noted ”Thts i s  probably the best and most in- 
formative discussion I have attended.” However, the same 
participant noted that  the negative aspect i s  knowing  ”that 
it will be many years before levels 0 1 1  Lake Erie are coli- 
trolled.” 

As to whethet- participants  felt  they had an oppor- 
tunity  to express their views and concetns to  the Board, 
an overwhelrrling majority indicated  satisfaction with the 
workshops. 

WORKSHOP  IMPACT 
On the basis of  public  input received at the wol-k- 

shops, the Board  concluded that major changes in study 
direction are not required. However, within  its terms of 
reference, the Board has made and will  continue  to make 
adjustments in response to  public concerns. For example, 
the workshops have prompted  additional  hydrologic and 
economic analysis of diversion management scenarios. In 
particular,  the physical  capacity of the Welland Canal i s  
being reassessed. A summary of the workshops and copies 
of submitted statements will be  made available to the 
International  Joint Commission. 

The  Board appreciates the suggestions  made to 
improve future workshops. These will be passed on  to 
the Commission and other Boards for  their consideration 
when  planning  workshops and public meetings. We have 
tried  to answer all requests for  further  information received 
a t  the workshops  or through correspondence. I f  we  have 
missed you,  let us know! 

Address correspondence to:  
International Great Lakes Diversions and Consumptive Uses 
Study Board 
c/o Public Affairs  Office 
US.  Army Corps of Engineers 
Box 1027 
Detroit, Michigan 48321 
Telephone: (313)  226-4680  Detroit 

or 
c/o  Department  of  Environment 
Inland Waters Directorate 
Water Planning and Management Branch 
Ottawa, Ontario K I A  OE7 
Telephone: (819)  997-1781  Ottawa 
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INTERNATIONAL  GREAT  LAKES  DIVERSIONS 
AND CONSUMPTIVE USES  STUDY 

No. 5 Nov. 1981 

On  Feb. 21, 1977, the  International  Joint  Commission  started 
to  investigate  the  factors  that  have or may have a n  effect on  the 
water levels and flows in the  Great  Lakes  basin.  The  Commission 
was  acting  on  a  joint  request  from  the  Canadian  and  United  States 
governments  to  look  into  the  following  matters: 

Existing  and  reasonably  foreseeable  patterns of consump- 
tive uses of Great  Lakes  waters: 

Existing  diversions,  including  the  Welland  Canal  and  the 
Ncw York  State Barge Canal,  and  federally,  state or provincially 
sponsored or approved  proposed new or  changed  diversions, 
within,  into or out of the  basin;  and, in particular. 

Existing  diversions a t  Chicago  and  at  Long  LaciOgoki, 
and  the  proposed  study  and  demonstration  program  authorized by 
United  States P.L. 94-587 affecting  the  rate of diversions  at 
Chicago. 

In response,  the  Commission  established  the  International 
Great  Lakes  Diversions  and  Consumptive Uses Study  Board  on 
May 3, 1977, issued a  directive  to it concerning  the  conduct of the 
study,  and  subsequently  instructed it to consider  the possibilities of 
diversion  management  to  alleviate  extreme  lake levels. The  Board, 
in turn,  established  a  working  committee  and  three  subcommittees 
on I )  diversions, 2) consumptive uses, and 3) environmental 
evaluation. 

To prevent  a  duplication of effort,  the  Diversions  and 
Consumptive Uses Study  Board  made use of data  generated by the 
ongoing  International  Lake  Erie  Regulation  Study  Board.  This 
cooperation  maximized  the use of available  professional resources. 

In 1980, the  board  conducted  public  workshops  at selected 
cities  in the  Great  Lakes  basin.  These  workshops  provided 
opportunities  to  inform  the  public  and,  through  open  discussion, 
to  answer  questions  and elicit views concerning  study  techniques 
and  emerging results. These  public views have been incorporated 
into  the Board’s work. 

This issue  of Diversions is the  fifth  and  final in a  series of 
newsletters  published by the  Board  during  the  course of the  study. 

The  study findings are  as  follows; 
a)  The  existing  diversions have produced  changes in Great 

lakes  levels and  outflows; 
b) Diversion  rates  could be modified  without  structural 

change at  existing  diversion  locations; 
c) By management of the  diversions, it is possible to impact 

on  the  Great  Lakes  outflowsand  extreme high lake levels, but  such 
management  would result in a net economic loss and  some 
unquantifiable  environmental  impacts; 

d)  Any  alterations in diversion  rates to  raise the  extreme low 
lake levels and  outflows  would be infeasible; 

e) The  existing  diversion of water  through  the New York 
State Barge Canal  has  no  material  impact  on  Great  Lakes levels, 
nor  would  any  modifications  thereof; 

10. Ho-w Consumptive Uses May lnsrease Michigan  and Huron 
- The “most likely projectdon” of Increased consumpflue u: e of Greof Lokes w o k .  
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esults ...( comt.) 
f) Diversion  of  water  into  Lake  Superior  from  Long 

Lac/  Ogoki  has  averaged 5,600 cfs (cubic  feet per second)  since its 
inception; 

g) The  Welland  Canal  Diversion  has  varied  over  time  and 
averaged  approximately 9.200 cfs in 1980; 

h)  The  Lake  Michigan  Diversion  at  Chicago  has varied  over 
time  and since 1970 has averaged 3,200 cfs; 

i) There  are  no  known  significant new or changed  diversions 
proposed  for  the  Great  Lakes; 

j) Consumptive uscs of water  are projected to  increase  from 
the 1975 rate of  4,900  cfs to  an  amount which could  range  from 
approximately 16,000 cfs to 37,000 cfs by the  year 2035; 

k) The  consumptive uses  of water  reduce  the  net  water 
supply  to  the  lakes,  thereby  lowering  lake levels, resulting in 
economic  benefits  to  coastal  zone  interests  and losses to navigation 
and  power  interests;  and, 

1) Consumptive  uses in the  future will limit the  ability of the 
current  operational  regulation  plan  for  Lake  Ontario  to  satisfy  the 
criteria  contained  in  the  Commission's  Orders of Approval. 

The Board's conclusions are  that: 
a) The  diversion  rates  into,  within  and out of the basin 

cannot  be  altered to reduce  extreme  high levels on  the  Great  Lakes 
without  causing  an  overall  long-term  net  economic loss; 

b)  The  diversion  rates  into,  within  and  out of the basin 
cannot  feasibly  be  altered  to  increase  extreme low levels on the 
Great  Lakes  during  periods of low  supply; 

c) Periodically,  all  diversions  (regardless of size) should be 
monitored  and  their  accumulated effects estimated,  evaluated  and 
reported  upon so that  appropriate  public policies can  be deve- 
loped;  arid, 

d)  Consumptive uses should be periodically  monitored  and 
their  impacts,  along  with  various  control  strategies,  stuc.ed so that 
appropriate  public  policies  can be developed to  minimize long- 
term  adverse effects. 

Based upon  the  above  finds  and  conclusions,  the  Board 
recommends  that: 

a )  No further  consideration  be given to  the  concept of 
managing  Great  Lakes levels and  outflows  through  the  manipu- 
lation of the  existing  diversions;  and, 

b) The  International  Joint  Commission, in light of conclu- 
sions  (c)  and  (d)  above,  recommends to governments  that  a 
mechanism  be  established for institutional  consultation so that 
monitoring  can be undertaken  and  appropriate  public policies can 
be formulated  to  address  the  potential  future  impacts of new or 
increased diversions  and  consumptive uses. 

The  final  report will be  sent to the  International  Joirrt 
Commission by the  end of 1981. The  Commission will, in due 
course,  furnish  the  document  to  concerned  government agencies 
for comment.  In  addition, it generally  holds  public  hearings on 
Board  reports. Based upon  the  responses received, the  Commis- 
sion  prepares  its  report  with  recommendations  to  the  governments. 

Approximate  Effect of Existing  Diversion  Rates and 
Future Consumptive  Uses on Mean Greet  Lakes  Water  Levels 

(To nearest '14 inch) 

Diversion 
(rates) 

Long Lac/Ogoki 
(5600 cfs) 

Lake Michigan 
Diversion 
at Chicago 
(3200 cfs) 

Welland Canal 
(9400 cfs) 

Projected 
Consumptive Uses 
in 2035 

Superior* Michigan- Erie Ontario' 
Huron 

+6 

0 

6 

+% 

-6 

4 

0 

-6 

+9 

0 

-9 

'Regulation  plans for  these  lakes  have  been  designed  to  accom- 
modate  the  diversions  and  presumably  would be modified to 
accommodate  increasing  consumptrve  uses. 

The effects of the  exlstlng  dlvemlons, at  the rates Indlcated, on 
mean Great Lakeswater levels  are  shown  on  the  above  dlagram.The 
dlagram shows  that  the Long Lac/Ogokl Dlvenlons Increase the 
levels  of  the laker whlle  the  Lake Mlchlgan Dlverelon  at  Chlcago  and 
the Welland Canal Dlverslon, and the  projected  consumptlve  uses, 

reduce the  levels. The net effect of there dlvemlons 18 small In 
comparison to the  effect of natural factors(preclplfaflon, evapora- 
tlon,  run-off,  etc.)  on  the  fluctuation of Great Lakes  levels  of 3.8 feet 
on Lake Superior, 5.7 feet on Lakes  Mlchlgan-Huron, 6.9 feet  on 
Lake Erle and 6.6 feet  on  Lake  Ontarlo.  Although  the current 
dlverslon rate of the  Welland Canal Is 9200 cfs, the  Study  Board  has 
evaluated a rate of 9400 cfs,  which  could  occur In the near future  due 
to Increased vessel trafflc. 



INTERNATIONAL  GREAT LAKES DIVERSIONS  AND  CONSUMPTIVE 
USES STUDY  BOARD 

Report on Public  Workshops 

1. Attendance 

1.1 Out  of a total  distribution  of 4,000 questionnaires, 374  (9.3%) returns 
were  received.  Two  hundred  and  twenty-eight (61%) of  the  respondents 
indicated  that  they  would  attend a workshop.  The  remainder  could  not  attend 
for  various  reasons,  mainly  distance  from  workshop  locations  or  earlier 
commitments. 

1.2 In fact, 117  (51%) people  actually  attended  the  workshops.  Distribution 
was  as  follows: 

May 14, 1980 Sault  Ste.  Marie,  Ontario 
May 15, 1980 Chicago,  Illinois 
May 20, 1980 Buffalo,  New  York 
May 21, 1980 Toronto,  Ontario 
m y  22, 1980 Detroit,  Michigan 

No. of  Participants 
Expected  Actual 

17  7 
32  14 
40  22 
16 10 

123  64 - - 
228  117 

1.3 Based  on  an  analysis of  the evaluation  sheets,  the  participants'  major 
areas  of  interest  were:  shore  property  and  recreation,  followed by fish  and 
wildlife;  a  smaller  percentage  were  interested  in  consumptive  use, 
hydroelectric  power  and  navigation.  An  examination of the  questionnaires 
returned by those  who  expressed  an  interest  but  could  not  attend,  indicated 
that  their  interests  paralleled  those  of  the  actual  participants. 

1.4 Fourteen  statements  were  received  from  the  public  at  the  workshops. 
Available  copies  are  on  the  Working  Committee's  file.  The  essence of  these 
statements  will  be  included  in  the  Board's  final  report  to the  International 
Joint  Commission.  Copies  will  be  appended  as  appropriate. 

2. Timing 

2.1 In accordance  with  public  preferences  as  expressed  in  the  mail  back 
questionnaire,  workshops  were  held in the  afternoon  at  all  locations  except 
Buffalo.  An  evening  workshop  was  held  in  Buffalo so as  not  to  conflict  with 
the  Great  Lakes  Basin  Commission  afternoon  meeting  on  May 20. The  high 
response  from  the  Detroit  area  warranted  the  scheduling of an  additional 
workshop  in  the  evening. 

2.2 Two  weeks  prior  to  the  workshops, a flyer  was  mailed  out  to  remind 
potential  attendees  and to  give  details on workshop  times  and  locations. 



3. Workshop  Format 

3.1 The  Working  Committee  co-chairmen  served as workshop   modera to r s   i n   t he i r  
r e s p e c t i v e   c o u n t r i e s .   A f t e r   t h e   i n t r o d u c t i o n   o f   w o r k s h o p   p r i n c i p a l s ,  a 
h a l f - h o u r   s l i d e - i l l u s t r a t e d   p r e s e n t a t i o n  was made on  s tudy  progress   and 
p r e l i m i n a r y   f i n d i n g s .  This i n c l u d e d   t h e   m a i n   d i v e r s i o n  management s c e n a r i o s  
a n d   t h e i r   h y d r o l o g i c   a n d   e n v i r o n m e n t a l   i m p l i c a t i o n s ,   p r o j e c t e d   t r e n d s   o n  
c o n s u m p t i v e   u s e   a n d   a s s o c a t e d   h y d r o l o g i c   e f f e c t s ,   a n d   a n   o u t l i n e   o f   t h e  
methodology  being  used by the Board t o   e v a l u a t e   s e l e c t e d   d i v e r s i o n  management 
s c e n a r i o s .  

After t h e   p r e s e n t a t i o n ,   s t a t e m e n t s  were a c c e p t e d   f r o m   t h e   p u b l i c ;   t h i s  
phase was fol lowed by a g e n e r a l   d i s c u s s i o n   p e r i o d .  

4. Main Top ics  of D i s c u s s i o n  a t  Workshops 

The   fo l lowing  i s  a summary of s t a t e m e n t s   r e c e i v e d   a n d  of t h e   q u e s t i o n s  
that  t e n d e d   t o   r e c u r   t h r o u g h o u t  the workshops. 

4.1 A t o t a l  o f   f o u r t e e n   s t a t e m e n t s  were by the p u b l i c ,   1 0   o f  them a t  D e t r o i t .  

A t  Buf fa lo :  Er%e County  Shorel ine  Task  Force 

A t  De t ro i t :   Mich igan   Shore l ands   P rese rva t ion '   Assoc ia t ion  - Dudley  Taber 

League  of Women V o t e r s  - Verona  Morse 

Wayne County   Conserva t ion   Assoc ia t ion  - Wayne Schmidt 

Macomb County  Board  of  Commissioners 

Lake Erie Advisory  Committee - Richard Micka 

In t e r -Lake   Yach t ing   Assoc ia t ion  - Lary   Le ibo ld  

Grandview  Beach  Association - M r .  Yaryon 

Shore   P rope r ty  Owners A s s o c i a t i o n  - F r a n k l i n   D a v i s  

The remainder  were g i v e n  by u n a f f i l i a t e d   i n d i v i d u a l s .  

4.1.1  Main p o i n t s  made i n   t h e   s t a t e m e n t s  were as f o l l o w s :  

- adverse   impqcts  of h i g h  water l e v e l s  were o u t l i n e d  
- l a n d   u s e   r e s t r i c t e d  
- f l o o d i n g   a n d   e r o s i o n  
- i n c r e a s e d   c o n s t r u c t i o n   a n d   m a i n t e n a n c e   c o s t s   d u e   t o   h i g h  water 

- i n c r e a s e d   r i s k   o f   p o l l u t i o n  of domest ic  water s u p p l i e s   d u e   t o  
t a b l e  

h i g h e r  water t a b l e .  

- s u g g e s t e d  levels f o r  r e g u l a t i o n  - r e t u r n   t o   d a t u m   l e v e l ;   p r e   1 9 7 0 ' s  
l e v e l s ;   L a k e   S t .  Clair - 574.1 max. and  572.1 min. and  Lake Erie 
571.0 max. and 569.2 min. 
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- sugges ted  means t o   b r i n g   l e v e l s  down - s h u t   o f f  Long Lake-Ogoki, 
g r e a t e r   f l o w  a t  Chicago  and  Welland,  open  locks a t  Black Rock Ship 
Canal   and   bu i ld   the  Squaw I s l and   D ive r s ion .  J 

- sugges t ed   t he   Boa rd   shou ld   cons ide r   t he   p l igh t  of t he   sho re   p rope r ty  
owner r a t h e r   t h a n   n a v i g a t i o n   a n d  power i n t e r e s t s .  The g e n e r a l  
p e r c e p t i o n  was t h a t   l a k e   l e v e l s  were m a i n t a i n e d   f o r   t h e   b e n e f i t  of 
t h o s e  two i n t e r e s t s .  

- c a l l e d   f o r   e n e r g y   c o n s e r v a t i o n ;   c o n s i d e r a t i o n   o f   a l t e r n a t e   s o u r c e s   o f  
power  and  ways i n  which  navigat ion  losses   could  be  compensated,  i.e., 
su r t ax   on   t r anspor t ed   goods .  

- a l l  f a v o u r e d   s c e n a r i o  4 :  Long  Lake  Ogoki - 0; Chicago - 8700 c f s ;  
Welland - 9000 c f s .  

4.2 Recur r ing   and /o r   S ign i f i can t   Ques t ions   and   Obse rva t ions  

4.2.1 Chicago  Divers ion  

- d o   t h e   d i v e r s i o n  rates include  consumptive  use 

- d i v e r s i o n  of 8700 c f s  - how was t h i s  rate e s t a b l i s h e d ;  how  much water 
cou ld   be   d ive r t ed  a t  Chicago 

- what was the  economic  impact on  Chicago  of   lower   lake  levels   due 
consumptive  use.  

4.2.2. Long Lake-Ogoki 

- g r e a t   d e a l  of in terest  was shown i n   t h e   h i s t o r y  of t h e   d i v e r s i o n  

- confus ion   abou t  how it  o p e r a t e s  - t h e   n a t u r a l   f l o w   o f  16,000 c f s  and 
d i v e r s i o n   o f  5,400 a t  Long  Lake 

- amount of power l o s t  when t h e   d i v e r s i o n  i s  s h u t  down 

- most  people saw t h i s   d i v e r s i o n  as b e i n g   p a r t l y   r e s p o n s i b l e   f o r   h i g h e r  
l e v e l s  a t  p r e s e n t ;   g e n e r a l   s u p p o r t   f o r   s h u t t i n g  i t  down, however, 
mos t   Amer ican   par t ic ipants  were aware t h a t  Canada was n o t   l i k e l y   t o  
suppor t   such   an   ac t ion .  

4.2.3 - Consumptive Use 

- p r o j e c t e d   i n c r e a s e s   i n   c o n s u m p t i v e   u s e s   s u r p r i s e d   p e o p l e  - wanted   to  
know what   conserva t ion   assumpt ion   had   been  made 

A t  Canadian  workshops - i n t e r e s t  was e x p r e s s e d   i n   t h e   i n c r e a s i n g l y  
d i s p r o p o r t i o n a t e   w i t h d r a w a l s  made by Canada  and  the U.S. - what were 
t h e   i m p l i c a t i o n s   f o r   f u t u r e  power s h a r i n g ?  
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4.2.4 Evaluation  Methodology 

- how the  figures  for  erosion  damage  reduction  per 1 ft of  lowering  per 
mile  were  derived 

- how  the  orders of magnitude of  benefits  and  losses  for  the  main 
interests  were  calculated 

- how would  the  main  interests  be  weighed  in  the  final  analysis 
- the  environmental  impact of  lower  levels,  due  to  consumptive  uses, on 
fisheries  and  wetlands. Also concern  was  expressed  about  the  impact 
of  decreased  range of fluctuations on fish  reproduction,  under  the 
diversion  management  scenarios. 

4.2.5 Impact of landfills  on  water  levels - this  topic  was  discussed  both 
at Detroit and  Chicago.  It  was  alleged  that  landfills  in  the  Niagara 
River  has  raised  Lake  Erie  by 1". 

4.2.6 Dredging 

- this  was  seen  as  a  way of satisfying  both  navigation  and  shore 
property  interests.  Suggestions  to  dredge  Lake St- Clair  and  the 
Detroit  River  were  made. 

4-2.7 High  Water  Proponents 

(a)  Cleveland  Yacht  Clubs - high  levels  curtail  the  need  for 
expensive  dredging 

(b) Milwaukee - downtown  core  is  built on wood  pilings - high  levels 
keep  pilings  wet  and  preserve  them. 

5. Evaluation 

5.1 The  evaluation  sheets  indicated  that  a  majority of  participants  gave high 
marks  to  the  workshops  as a  vehicle  for  information  exchange.  They  were 
satisfied  both  with  the  information  presented and with  opportunity  to  express 
their  views  and an overwhelming  majority  said  they  were  pleased  with  the 
responses  to  their  questions. 

5.2 Suggestions  to  improve  the  presentat€on  and  discussions  included  the 
following: 

- do  not  assume  participants  have  a  good  technical  grasp  of  the  subject 
- representation  from  other  interests i.e., nayigation  and  power 
- better  charts  and  graphs  and  more  time  to  absorb  the  information 
- more  information  prior t o  the  workshops 
- more  workshops so people  would  not  have  to  travel so far. 
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5.3 Other  Comments 

- what  is  needed  above  all  is an estimate  of  the  relative  cost  to  the 
public  of  lowering  the  levels  in  dollars  and  cents,  e.g.,  increased 
cost  of  shipped  goods,  power,  etc., as opposed  to  shore  property 
damage  due  to  high  levels. 

- evaluation of shipping  and  power  losses  versus  shoreline  losses i s  
out  of  balance. The  former  can  be  classified  as  minor  since  they  are 
replaceable  or  recoverable  but  shoreline  losses  are  forever. 

- excellent  workshop  but  the  negative  aspects  is  that  it  will  be  many 
years  before  regulation of Lake  Erie  is  accomplished. 

6 .  Conclusions  based  on  Public  Input  Received  at  Workshops 

a. Reduction of  lake  levels,  even  by a  few  inches,  is  viewed  as  critical 
by riparian  interests. 

b. Based on the  response  at  workshops,  American  riparian  interests  seem 
to  be  more  concerned  than  Canadian  riparian  interests.  Reduction  of  lake 
levels  may  not  receive  much  popular  support  on  the  Canadian  side,  particularly 
if  the  trade  off  is  more  expensive  power  and  transportation  of  goods. 

c. Shore  property  interests  feel  that  the  lakes  are  being  regulated  for 
navigation  and  power  interests  at  their  expense.  They  will  look  to  the 
Board's  report  for  clarification  as  to  whose  interests  get  priority.  The 
argument  that  lake  level  reduction  will  result  in  a  net  economic l o s s  to  the 
system  will  not  receive  support  from  the  riparian  interests.  They  feel  they 
have  indirectly  subsidized  navigation  and  power  during  the  high  water  period 
thus  far  and  it  is  time  for  them  to  receive  some  consideration.  For  example, 
the  Board was asked to bear in mind that  shipping  and  power  losses  are 
receoverable  or  replaceable  whereas  shoreline  losses  are  forever.  This  sort 
of  "Environment  versus  Dollars"  argument  is  also  supported by  the 
"environmental  community." 

d. The  "environmental  community"  participating  at  the  workshops  was  not 
large  but  well  informed.  They  were  critical  of  the  lack  of  data  presented on 
environmental  impacts,  particularly  those  impacts  that  may  be  associated  with 
levels  reduced by consumptive  uses. 

e. The  workshops  increased  public  awareness  of  the  hydrological  impacts 
of  consumptive  use.  Interest  was  expressed  in  what  economic  impacts  would  be 
associated  with  such  reductions.  Further  questions  on  the  consumptive  uses 
portion of  the  Study can be  expected  when  the  Board's  Report  is  released, 
particularly  with  regard  to  conservation  assumptions  made  in  projects  and 
associated  environmental  and  economic  impacts. 
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7. I m p l i c a t i o n s  of t h e  Workshops fo r   t he   S tudy  

a. The  workshops  re inforced the v a l i d i t y  of the   Board ' s   percept ion   of  
r i p a r i a n   i n t e r e s t s  as r e f l e c t e d   i n   t h e   P l a n  of S t u d y ,   t h e r e f o r e ,   t h e   o v e r a l l  
s t u d y   d i r e c t i o n   h a s   n o t   c h a n g e d .  The  Board has  made, a n d   c o n t i n u e s   t o  make, 
a d j u s t m e n t s  i n  r e s p o n s e   t o   b o t h   p e r c e i v e d   a n d   e x p r e s s e d   p u b l i c   c o n c e r n s .   F o r  
example ,   the   phys ica l   capac i t ies   o f   the   Wel land   and  Long  Lake-Ogoki d i v e r s i o n s  
were re-examined as were the consumptive u s e  p r o j e c t i o n s   a n d   a s s o c i a t e d  
h y d r o l o g i c a l  impacts. 

b. The   workshops   r e su l t ed   i n   improved   pub l i c   r e l a t ions   w i th   r i pa r i an  
i n t e r e s t s .  The p u b l i c   o b t a i n e d  a b e t t e r   u n d e r s t a n d i n g  of t h e  Great Lakes 
system  and of t h e   c o n s t r a i n t s   a n d   d i f f i c u l t i e s   f a c e d  by the  Study  Board.   This  
w i l l  l i k e l y   r e s u l t   i n   g r e a t e r   p u b l i c   c o n f i d e n c e   i n   s t u d y   f i n d i n g s .  

An a d d e d   s p i n   o f f  i s  t h a t   t h e   C o r p s  of E n g i n e e r s   r e p u t a t i o n  seems t o  
have  been  enhanced by the U.S. workshops. 
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ANNEX D 

P r i o r   r e p o r t s   t h a t  were p e r t i n e n t   o r  of s p e c i a l   i n t e r e s t   t o   t h i s   s t u d y .  

a. A r e p o r t   d a t e d  December  30,   1911,  on  Regulation  of  Lake  Superior by 

Noble  and  Woodard, c o n s u l t i n g   e n g i n e e r s   f o r   t h e   M i c h i g a n - L a k e   S u p e r i o r  Powear 

Company, d e v i s e d  a r u l e   f o r   s u c h   r e g u l a t i o n .  The s tudy   env i saged  a c o n t r o l  

s t r u c t u r e   d i f f e r i n g   f r o m   t h a t   f i n a l l y   c o n s t r u c t e d   a n d   t h e   r e g u l a t i o n   p l a n  was 
superceded   upon  comple t ion   of   the   s t ruc ture .  It i s  p e r h a p s   i n t e r e s t i n g   t o  

n o t e   t h a t   t h e   t a b u l a t i o n  of L a k e   S u p e r i o r   " s u p p l y   f a c t o r s "   p r e s e n t e d   i n   t h e  

r e p o r t   c o n t i n u e s   t o   b e   u s e d   t o d a y   a n d  i s  extended  monthly. 

b. A r epor t   on   D ive r s ion   o f  Water f r o m   t h e  Great Lakes  and  Niagara  River ,  

f r e q u e n t l y   r e f e r r e d   t o  as the   War ren   Repor t ,  was t r a n s m i t t e d   t o   t h e   S p e a k e r  of 

t h e  House  of R e p r e s e n t a t i v e s ,   C o n g r e s s   o f   t h e   U n i t e d   S t a t e s   o n  December 7, 

1920. I n  a d i s c u s s i o n   o f   l a k e   r e g u l a t i o n  as a means  of r e s t o r i n g   n a v i g a t i o n  

d e p t h s   o n   t h e   l a k e s ,   r e f e r e n c e  i s  made t o   a n  earlier r e p o r t   b y   t h e  Deep 

Waterways  Board,  dated  June 30, 1900, which a t  t h a t   e a r l y   d a t e   p r e s e n t e d  a 

p l a n   f o r   t h e   r e g u l a t i o n   o f   L a k e  Erie. 

c. In   1926,   John  R. Freeman  completed  for   the  Chicago  Sani tary District a 

r e p o r t   o n   R e g u l a t i o n   o f   t h e  Great Lakes   and   Ef fec t   o f   Divers ions  by Chicago 

S a n i t a r y  District. Among o t h e r   t h i n g s ,   t h e   r e p o r t   s u g g e s t s   t h e   p o s s i b i l i t y   o f  

l ake   r egu la t ion ,   wh ich   wou ld  raise b o t h   t h e   h i g h   a n d   l o w   l a k e  levels  by 

apprec iab le   amounts .  

d. I n   J u l y   1 9 6 3 ,   t h e   I n t e r n a t i o n a l  S t .  Lawrence  River  Board  of  Control 

submi t ted  a r e p o r t   t o   t h e  IJC e n t i t l e d   R e g u l a t i o n   o f   L a k e   O n t a r i o  - P l a n  

1958-D. The r e p o r t   d e s c r i b e s   i n   d e t a i l   t h e   p l a n  of r egu la t ion   wh ich   has   been  

in e f fec t   f rom  Oc tobe r   1963   t o   p re sen t .  

e. I n  December  1965, t h e   U n i t e d  States Army Corps of Eng inee r s   i s sued  a 
r e p o r t   e n t i t l e d   W a t e r   L e v e l s  of t h e  Great Lakes,   Report  on Lake  Regulat ion.  

The r e p o r t   p r e s e n t s   s t u d y   p l a n s   d e v e l o p e d  by the  Corps  and  summarizes   other  
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p e r t i n e n t   i n f o r m a t i o n   a n d   d a t a   i n  a form t o  b e   u s e f u l   t o   a n   i n t e r n a t i o n a l  

s tudy   on   t he   sub jec t .  The Corps '   report   provides  a cons ide rab le   d i scuss ion  of 
the   phys ica l   and   economic   aspec ts  of t h e   l a k e s ,  a knowledge of which i s  

n e c e s s a r y   f o r   d e f i n i t i o n  of present  day  problems. 

f .   I n  December 1 9 7 3   t h e   I n t e r n a t i o n a l  Great Lakes  Levels Board submit ted 

a report   on  Regulat ion  of  Great Lakes Water L e v e l s   t o   t h e   I n t e r n a t i o n a l   J o i n t  

Commission. The r e p o r t   d e a l s   w i t h   t h e   f u r t h e r   r e g u l a t i o n  of t h e  Great Lakes 

based   upon   ava i l ab le   supp l i e s  of water w i t h i n   t h e  Great Lakes  basin.  It 

presents   the   hydro logy   and   hydraul ics   o f   the  Great Lakes  system  and  analyzes 

t h e  economic   and   envi ronmenta l   impacts   o f   f luc tua t ion   in   the   l ake   l eve ls   and  

outf lows.  

g. I n   1 9 7 6   t h e   I n t e r n a t i o n a l   J o i n t  Commission submit ted a r e p o r t   e n t i t l e d  

Fur ther   Regula t ion   of   the  Great Lakes to   t he   gove rnmen t s  of  Canada  and t h e  

United States. The r e p o r t  i s  based  upon the  above  noted  1973  report   on 

r e g u l a t i o n  of t h e  Great Lakes water l e v e l s .  

h. In   1976   t he  Great Lakes  Basin  Commission  issued a r e p o r t   e n t i t l e d  

Great Lakes  Basin Framework Study. The r e p o r t   c o n s i s t s  of a main r e p o r t ,  23 

Appendices  and  an  Environmental  Impact  Statement. The r epor t   p rov ides  a good 

i n f o r m a t i o n   b a s e   f o r   s t u d i e s   o n   t h e  U.S. s e c t o r  of t h e   b a s i n .  

i. Regulation  of  Lake  Superior  (Plan  1977) - The r e p o r t   d e s c r i b e s   i n  
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